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PEEFACE. 



Although many excellent works on the treatment of Sewage 
have been published, yet they are all without those plans and 
details so necessary to the proper appreciation of descriptive 
writing. The author has endeavoured to meet the want of an 
illustrated guide to the construction of Sewage Works, by 
bringing together in this volume some of the best examples 
of executed works. He has, however, been unable to obtain 
the particulars relating to some good examples, and this fact 
will account for their non-inclusion. 

In preparing the first part of the work, the author has not 
hesitated to make such references to the various Commissions 
on River Pollution as he thought necessary. Such information 
may be "ancient history" to the older practitioners, but to 
the student it is indispensable. 

During the long period in which the author was connected 
with the Wimbledon Works, he had opportunities of seeing 
Sewage treated under almost every condition, and he fully 
appreciates the difficulty of finding a universal solution to the 
** Sewage problem.'* Progress is, however, being constantly 
made, and it will be conceded that, especially in the treatment 
of sludge, means are now available, by the employment of 
which that troublesome material may be dealt with without 
causing offence. This in itself is of the first importance as 
regards works where the clarification of the Sewage is effected 
by means of tanks and chemicals. 
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The author has had the privilege of meeting many deputa- 
tions from Sanitary Authorities about to carry out works, and 
he has been enabled to ascertain their views as to the direction 
in which information on Sewage Disposal is wanted. He can 
only hope that the present volume will in some degree meet 
an acknowledged want. 

WiMBLHDON, May, 1890. 



TABLE OF CONTENTS. 



PART I. 
cnjkp. 
I. Introduction, ....... 

II. Details of River Pollutions and Recommendations of Various 

Commissions, 
m. Hourly and Daily Flow of Sewage, 
IV. The Pail System as Affecting Sewage, . 
V. The Separation of Rain-water from the Sewage Proper, 
- VI. Settling Tanks, .... 

Vn. Chemical Processes, 
Vni. The Disposal of Sewage-sludge, 
IX. The Preparation of Land for Sewage Disposal, 
Table of Sewage Farm Management, . 



PAOR 

1 

6 
28 
32 

U 
54 
63 
85 
103 
119 



PART II. 



X. 

XL 

XIL 

xni. 

XIV. 

XV. 

XVL 

XVIL 

xvni. 

XLX. 

XX. 

XXL 

XXIL 

XXIIL 

XXIV. 

XXV. 

XXVI. 

XXVIL 

xxvm. 

XXIX. 

XXX. 

XXXI. 

Index, 



Sewage Disposal Works in Operation. 

Doncaster Irrigation Farm, 

Beddington Irrigation Farm, Borough of Croydon, 

Bedford Sewage Farm Irrigation, 

Dewsbury and Hitchin Intermittent Filtration, 

Merton, Croydon Rural Sanitary Authority, . 

Swanwick, Derbyshire, .... 

The Ealing Sewage Works, 

Chiswick, ..... 

Ringston-on-Thames, A. B. C. Process, 

Salford Sewage Works, .... 

Bradford, Precipitation, 

New Maiden, Chemical Treatment and Small Filters, 

Friern Bamet, Chemical Treatment and Small Filters, 

Acton, Ferozone and Polarite Process, . 

Ilford, Chadwell, and Dagenham Sewage Disposal Works, 

Coventry, 

Wimbledon, 

Birmingham, 

Newhaven, 

Portsmouth, 

Sewage Precipitation Works, Dortmund (Germany), 

Treatment of Sewage by Electrolysis, . 



120 
126 
130 
144 
149 
155 

158 
164 
169 
173 
182 
192 
194 
203 
208 
211 
214 
232 
249 
251 
254 
258 

269 



LIST OF PLATES. 



1. 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

23. 
24. 
25. 

26. 
27. 

28. 

29. 
30. 



31. 
32. 
33. 



PAOS 

Hourly Sewage Flow at Aylesbury, Leicester, London, Wimbledon, 

and Providence, ....... 29 

Variation of Composition of Aylesbury Sewage at the Different 

Hours of a Day, ....... 29 

Plan and Section of Midden-closet used at Nottingham— Manchester 

Corporation Dry Ash Closet, ..... 31 

Tubs Used in the Pail or Tub System, .... 33 

Pail-closets and Van used at Rochdale, . .35 

Tumbler Water-closets at Crewe and Bury, .... 38 

Bowes Scott & Read's Lime-mixer, . . . . .64 

Plan of Doncaster Sewage Farm at Long Sandall, . . . 121 

Plan of Beddington Irrigation Farm, ..... 127 

Plan of Bedford Sewage Farm, . . . .131 

Plan of Land Utilised for Sewage Cleansing at Dewsbury, . .145 

Plan of Land Utilised for Sewage Cleansing at Hitchin, . .147 

Plan of Merton Sewage Disposal Works: Section of Straining Tank, 149 
Disposal Works at Swaowick : — Plan of Farm, Method of Lighten- 
ing the Land, Plan of Concrete Carrier, Plan of Tank, Plan of 
Syphon, ........ 155 

Ealing Southern Sewage Works : General Plan, . . . 159 

Chiswick Sewage Works : General Plan of Tanks and Buildings, . 165 
Kingston Sewage Disposal Works : Plan : View of Pnmping-Engine, 169 
Salford Sewage-Purification Works, . . . . .173 

Bradford Sewage Disposal Works : Plan and Section, . . 183 

New Maiden Sewerage Outfall Works : Plan, . . . 193 

Friern Barnet Sewage Works : Plan, ..... 195 

Acton Sewage Works : Plan, . . . . . . 203 

Ilford, Chadwell, and Dagenham Drainage : Plan and Longitudinal 

Section of Outfall Works, ...... 209 

Ilford, &c., Drainage : Plan of Outfall Works and Filtering Area, . 211 
Coventry District Sewage Works at Whitley : Plan, . . 213 

Wimbledon Sewage Disposal Works : Plan and Section of Sewage 

Straining Tanks, ....... 215 

Wimbledon Sewage Disposal Works : General Plan, . . 221 

Wimbledon Sewage DiB])osal Works: Plan, Cross-Section, and 

Sectional Elevation of the Sludge-Disposal Apparatus, . . 224 

Birmingham Sewage Disposal Works : General Plan of Settling 

Tanks and Outlet Works, . . . . . .233 

Birmingham, Tame and Rea District : Plan of Sewage Farms, . 244 

Newhaven Disposal Works : Key Plan of Outfall: Plan and Sections 
of Main Outfall, Catch Pit and Tidal Flushing Chamber: Sections 
of Storage-Culverts, ....... 249 

Portsmouth Sewage Outfall : Plan, ..... 251 

Dortmund Sewage Works : Plan, ..... 253 

Dortmund Sewage Works : Sections and Plans of Cylinder, . 255 



SEWAGE DISPOSAL WOBKS. 



F A^RT I. 



CHAPTER I.— Introduction. 

In regard to sanitary science, the reign of Queen Victoria will 
ever stand out as a most important epoch. At the time of 
her accession, the sauitary condition of the people was deplor- 
able in the extreme; during the earlier period of her reign 
matters became worse, as the town populations rapidly in- 
creased, and practically no steps were taken to remove the 
refuse mattere constantly produced, nor to lessen the pollution 
of the rivers, of the soil, and of the air. As a consequence of 
the abuse of nature's gifts, dreadful outbreaks of cholera, of 
typhoid fever, and of other zymotic diseases occurred from 
time to time; it was seen by the early sanitarians that the 
root of the evil lay in the improper disposal of the fouled 
water, and the refuse generally, from habitations and from 
factories. 

Insanitary Conditions. — The question was investigated by 
the Poor Law Commissioners of 1839-42, who found that the 
diseases principally prevailing amongst the working classes 
were those due to accumulations of decomposing refuse ; to 
damp, close, and over-crowded dwellings; and to improper 
water-supply. 

Remedies Proposed. — Some excellent suggestions were 
made by the Commissioners; they advocated the immediate 
removal of all decomposing refuse, and proposed, as an 
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adjunct to better supplies of water, the construction of sewers, 
by means of which the foul matters could be cheaply trans- 
ported to a distance from the towns, and then be applied to 
land, in order to prevent the pollution of the rivers, and to 
utilise the fertilising matters which they knew would be 
present in the sewage. 

Public Health Acts, 1848 and 1875.— The Reports of the 
Poor Law Commissioners, and of the Duke of Buccleuch's 
Commission of 1843-45; the insufficiency of the Nuisances 
Removal Act of 1846, added to the fear of an outbreak of 
cholera, led Parliament, in 1848, to pass a resolution that — 

"Further and more effectual provision ought to be made 
for improving the sanitary condition of towns and populous 
places in England and Wales, and it is expedient that the 
supply of water to such towns and places, and the sewerage, 
drainage, cleansing, and paving thereof, should, as far as 
practicable, be placed under one and the same local manage- 
ment and control, subject to general supervision." 

It is unnecessary to refer at any length to the Act which 
Tvas subsequently passed, and by means of which a General 
Board of Health was constituted. 

The Act contained a large number of sanitary provisions, 
which were, however, inoperative, unless an exceptionally 
liigh rate of mortality enabled the Board of Trade to enforce 
its application, or unless the Act was petitioned for by 
aggrieved ratepayers. 

Soon after the passing of the Public Health Act of 1848, 
towns began to carry out large sewerage schemes, using the 
streams and rivers as the receptacles of the liquid filth. As 
a natural consequence, the state of the rivers became worse 
than it was before, and men and animals suffered from the 
poisoned and polluted sources of water supply. 

The third great cholera outbreak of 1854 inspired the 
Legislature with renewed activity, and a comprehensive 
Nuisance Removal Act was passed in 1855. 

Other legislation followed, until in 1875 the Public Health 
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Act consolidated and simplified the various enactments in^ 
existence at that date. 

Still, the Acts were permissive rather than compulsory, so 
far as the action of the various Local Authorities was con- 
cerned ; and although towns readily availed themselves of 
some of the powers conferred upon them, particularly as' 
regards the construction of sewers, they did not, as a rule, 
take steps to prevent the mischievous pollution of the rivers. 

Rivers' Pollution Prevention Act, 1876.— In 1876 the 

Rivers' Pollution Prevention Act was passed, again, to a great 
extent, permissive in character, since an infringement of its 
provisions by local authorities simply renders them liable to 
proceedings, " on the pai-t either of other sanitary authorities, 
or of any person or body of persons aggrieved by the com- 
mission of the offence " {Local Government Board Circular, 
August, 1877). 

Having regard to the enormous expense involved in some' 
of the law-suits of modern times in connection with the 
pollution of rivers, it is certain that few individuals will in 
future care to risk a contest with wealthy local authorities^ 
The opinion of Mr. Michael, Q.C., is well worth quoting in this- 
connection : — " The diflBculty in applying to the authorities. 
to carry out the law is that they are the very persons who 
are the greatest offenders. A small local authority in a 
district is, most likely, interested in polluting a river by the 
refuse of the manufactories, and it is called upon to institute 
proceedings against itself. Quia custodiet ipsoa custodes? 
You cannot get an authority to act against itself officially. 
. . . We can never get any good until an authority is 
so constituted as to take under its charge the whole great 
features of the case, until some county or river authority, of 
sufficient extent, is appointed, with ample powers" {Parkes 
Museum, Fehi^uary^ 1885). 

The Local Government Act of 1888, Section 14, invested 
the County Councils with power to enforce the provisions 
of the Rivers* Pollution Prevention Act, 1876 (subject to 
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certain restrictions in that Act contained), "in relation to 
80 much of any stream as is situate within, or passes through 
or by, any part of their county, and for that purpose they 
shall have the same powers and duties as if they were a 
sanitary authority within the meaning of that Act, or any 
other authority having power to enforce the provisions of 
that Act, and the county were their district. 

** Any county council shall have power to contribute towards 
the costs of any prosecution under the said Act instituted 
by any other county council or by any urban or rural 
authority." 

The Local Government Board were empowered to consti- 
tute by Provisional Order, a Joint Committee to represent the 
administrative counties through or by which a river, or any 
specified portion, or any tributary passes, and to confer on 
such Committee (or other body) all or some of the powers of 
a sanitary authority under the Rivers' Pollution Prevention 
Act, 1876. 

Here we find an earnest attempt on the part of the Legis- 
lature to cope with the evils produced by the somewhat lax, 
if progressive, sanitary measures of earlier administrations. 

Effects of River Pollution,— How wide-spread and dis- 
astrous are the eflfects of the pollution of the rivers of this 
country, the various reports of the Rivers' Pollution Commis- 
sioners of 1865 and succeeding years fully and conclusively 
show. That the measures which have been passed have not 
definitely provided for all the requirements of the case, may 
b3 inferred upon a consideration of the conditions affecting 
river pollution. 

The rivers themselves differ widely as regards their physical 
conditions. Some are large, others small ; one river is exceed- 
ingly sluggish, another rapidly pursues its course ; some are 
full of vegetation, others contain no plant-life ; in some cases 
the water is used for drinking purposes, in others it is not. 
How then can a satisfactory standard of purity of the eflSuent 
water from sewage disposal works be established ? 
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Up to a certain point, some rivers can most certainly com- 
plete the purification of sewage, and even free themselves 
entirely from their temporary pollution — solid refuse excepted. 
There is a proportion which a river may carry without being 
appreciably injuriously affected; it may be difficult to ascertain 
what that proportion is, but so long as it is not exceeded, no 
nuisance will arise. Legislation cannot solve the difficulty by 
fixing a hard and fast standard of purity of effluents, because 
the conditions vary in such wide degrees. What legislation 
can do is to say, " You have now reached the limit at which 
sewage may be turned into that stream. From this time forth 
no more shall be turned in." " That is what the law should 
be, if it is to be an effectual remedy for the pollution of rivers. 
See what that involves. You must first ascertain the volume 
of your river ; you must then ascertain the density of your 
population, you must establish your just proportion, and then 
call on your towns to cease to pour in offensive matter** 
{Mr, Pembroke Stephens, Q,0., Parkes Museum, 1885). 

Mr. Stephens might have added that a standard of purity 
for each different class of river should be established, in pre- 
ference to the general standard of purity applicable to all 
sewage effluents suggested by the Eivers' Pollution Commis- 
sioners. 

The scientific investigations of recent years have established 
the fact that certain zymotic diseases — typhoid fever, cholera, 
&c. — are most readily contracted by drinking water which has 
become infected by the excretal discharges of persons suffering 
from those diseases. The utmost care should, therefore, be 
observed in the conservancy of those rivers from which sup- 
plies of drinking-water are procured. 

^'Diseajses are the iron index of miseiy, which recedes before 
strength, health, and happiness, as the mortality declines" 
(Dr. Fan'), 
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CHAPTER 11. 

DETAILS OF BIVER POLLUTIONS AND RECOMMENDATIONS 

OF VARIOUS COMMISSIONS 

,Sources of River Pollution.— " Physicians think that, the 
cause of the disease being discovered, they have also discovered 
its cure.** This quotation from Cicero is peculiarly applicable 
to the question of River Pollution. The "Physicians" ap- 
pointed to discover the cause of the diseases from which the 
streams and rivers of this country suffer, were the Rivers' 
.Pollution Commissioners of 1865 and 1868. The various re- 
ports issued by them are full of the most valuable statistics 
and information, acquired by means of a vast amount of 
patient and careful investigation, and the conclusions arrived 
at by the Commissioners have, with few exceptions, been found 
to subsist on satisfactory bases. The materials forming the 
present chapter will, therefore, be largely drawn from the 
excellent stores of information provided by the Commissioners, 
in which the various reports prepared by them abound. 

In the classification the Commissioners place "River Pollu- 
tions"* under two general heads, "Sewage" and "Manu- 
facturing Refuse.*' 

!• Sewage is a very complex liquid ; a large proportion of 
its most offensive matters is, of courae, human excrement, dis- 
charged from water-closets and privies, and also urine thrown 
down sinks and gully-holes ; but, mixed with this, there is the 
water from the kitchens, containing vegetable, animal, and other 
refuse, and that from wash-houses, containing soap and the 
animal matters from soiled linen. There is also the drainage 
from stables and cow-houses, and that from slauofhter-houses, 
containing animal and vegetable offal. In cases where privies 
and cesspools are used instead of water-closets, and these are 

* Rfport on (he Mersey and RihhU Basins, 1870. 
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not connected with the sewers, there is still a large proportion 
of human refuse in the form of chamber-slops and urine. In 
fact, sewage cannot be looked upon as composed solely of 
human excrement diluted with water, but as water polluted 
with a great variety of matters, some held in suspension, some 
in solution, but both present in such a condition as to render 
it impossible, in the present state of our knowledge, practically 
to cleanse and purify sewage so thoroughly as to make it safe 
for drinking, even when largely diluted with unpolluted water. 
2. Manufacturing Refuse.— The second class of river 
pollutions includes all kinds of '* manufacturing refuse." In 
the towns of manufacturing districts, a considerable propor- 
tion of this waste is passed into the sewers, as being the 
readiest way of getting rid of it, and then it merely adds 
other ingredients to the dirty mixture flowing down these 
channels ; but where the works are situated on or near a 

' ft 

stream, and the water made use of in the process of manu- 
facture is afterwards transferred directly to the river, polluted 
by admixture with the special matters made use of in the 
different technical processes, such refuse-matters can be treated 
separately as manufacturing pollution. They may be classified 
generally under the following heads : — 

Pollution by dye-, print-, and bleach-works, 
„ chemical works, 

„ tanneries, 

paper-making, 

woollen works, 






}> 



silk works. 



3. Street-Drainage. — Another class of pollution is the 
drainasre from street surfaces, which in towns with considerable 
vehicular traffic may be as impure as sewage (Way), Then 
there is the liquid remaining after i^ain in the street gullies, 
which in dry weather rapidly putrefies and becomes most 
offensive. This foul liquid is displaced on the advent of the 
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next shower of rain, and it should in many cases be purified 
before being admitted to a stream. 

The Commissioners next proceed to a consideration of the — 

Chemical Difference between Polluted and Unpolluted 

Water. — " Absolutely pure water is not to be found in nature. 
Even at the moment of its condensation in the atmosphere 
from invisible vapour to visible cloud, water absorbs gases, 
and also becomes contaminated with a fine dust which is 
everywhere floating in the air. When it falls to the earth as 
rain, it percolates through strata or flows over surfaces more 
or less soluble, and dissolves, according to circumstances, 
quantities of solid matter, varying generally from about 3 lbs. 
to 50 lbs. in 100,000 lbs. of water. In addition to these 
inevitable impurities, natural and unpolluted water is not 
unfrequently turbid from insoluble substances suspended 
therein in a flnely divided condition. 

** The following are the chief characteristics of unpolluted 
water: — It is tasteless and inodorous, possesses a neutral or 
faintly alkaline reaction, rarely contains in 100,000 lbs. more 
than i lb. of carbon and yV lb. of nitrogen in the form of 
organic matter, and is incapable of putrefaction even when 
kept for some time in close vessels at a summer temperature. 

*' Of the diflerent kinds of pollution afiecting rivers, animal 
organic matter as it occurs in sewage is that which renders 
water not only most ofiensive to the senses, but most likely 
to injure health both by its gaseous emanations, and by its 
deleterious eflects when used as a beverage. Bivers so polluted 
frequently contain from 1 lb. to more than 2 lbs. of organic 
carbon, and from J lb. to f lb. of organic nitrogen in 100,000 lbs. 

''Pollution by vesretable organic matter, such as that 

caused by dye- and print-works, stands next as regards 
oflensiveness ; water so polluted being excessively unpleasant 
not only to the sight, but also, in warm weather, to the sense 
of smell. . . . Chemical works contribute chiefly mineral 
impurities, which often communicate to the water extreme 
hardness and other disagreeable and even poisonous properties. 
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" Necessary Analytical Determinations.— Such being the 

nature of the most important kinds of pollution in these 
rivers, we have directed our chemical inquiries chiefly to the 
following particulars regarding them : — 

" (a.) The Total Amount of Solid Matters present in tJiem 
in Solution. — The most important constituents of these solid 
matters are: — 

'*1. Carbon in the form of organic matter. — Organic carbon* 

**2. Nitrogen in the form of organic matter. — Organic 
nitrogen. . . , The determination of the two chief 
elements of the organic matter furnishes data from which its 
amount and character (animal or vegetable) may often be 
fairly inferred. 

** 3. Ammonia in the form chiefly of carbonate of ammonia, 

** This ingredient is derived almost entirely from the decom- 
position of animal organic matters. 

" 4. Nitrogen in the form of salts of nitric acid and nitrous acid. 

"Like ammonia, this ingredient is derived almost solely 
from the decomposition of sewage or animal matters. In deter- 
minations 3 and 4, chemical analysis becomes retrospective. 
Ammonia and the salts of nitrous and nitric acids do not in 
themselves contribute to the pollution of water, but their 
presence in considerable proportion denotes with certainty 
its anterior pollution by animal matters. . . . 

"5. Total Combined Nitrogen, — This determination sums 
up the whole of the analytical evidence against the water as 
regards both past and present organic contamination. 

"6. Chlorine. — ^The proportion of chlorine in water may 
often be used as an indication of the extent to which a stream 
has been contaminated with sewage, as distinguished from 
solid animal matters. The chlorine in river-water is almost 
always combined with sodium as common salt, which is a 
large and essential constituent of urine, and consequently of 
sewage, whilst it is present in only a comparatively minute 
quantity in solid manure. It is scarcely necessary to saj^ 
however, that the determination becomes valueless for this 
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purpose in the neighbourhood of the sea and of natural 
deposits of salt. . . . The normal proportion of chlorine, 
as common salt, existing in this country in waters which have 
never been polluted by excrementitious matters^ is about 
1 part in 100,000 of water. . . . 

" 7. Hardening constituents, — These consist chiefly of salts 
of lime and magnesia. As polluting agents they have no 
significance, unless the water be required for domestic purposes. 

*' (b.) The Total Amount of Solid Matters in Suspension. — 
In this it is very important to distinguish between organic 
and mineral matters. We have therefore determined — 

" 1. The organic matters in suspension. 
" 2. The mineral matters in suspension." 

We may now proceed to an examination of the details of 
the pollution of rivers by sewage, and again draw upon the 
excellent materials contained in the Report on the Mersey and 
Kibble Basins. The Commissioners directed a vast amount of 
attention to a comparison between the composition of sewage 
from midden towns and that from water-closet towns, the 
results beinjr tabulated below. 
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The figures given in the Table are averages of a large 
number of analyses of samples of sewage collected from 
upwards of thirty towns, and are fairly representative of its 
composition. 

It is pointed out, however, in the Report, that the Preston 
sewage is really stronger than as indicated by the analysis, in 
consequence of the sample having been collected by taking one 
quart of sewage each hour during twenty-four hours, whereas 
the quantity taken each hour should be proportional to the 
flow. This question will be further considered in a subse- 
quent Chapter. 

It must not be inferred that sewage from all towns will 
accord with the averages given, because, in the various towns 
tabulated by the Commissioners, its composition varies in 
wide degrees, and is very much affected by the dilution 
of sewage by subsoil water; even in dry weather, sewage 
from the same town will often vary in strength from week 
to week, as the subsoil water is lowered, and consequent 
dilution is lessened. As an instance of this, the average flow 
of sewage at Wimbledon, during seven consecutive dry days 
in the middle of August, 1888, was at the rate of 33 gallons 
per head ; the flow for the corresponding week in September, 
1888, was at the rate of 22 gallons per head only. The 
explanation of this difference lies in the fact that July was 
an exceptionally wet month, and heavy rain fell on the 1st 
of August, the subsoil being, in consequence, fully charged 
,with water; by the middle of September the water had 
been drained off, and there was no dilution of the sewage. 
The character of sewage must also be affected by the nature 
and volume of manufacturing refuse poured into the sewers. 

In regard to the relative polluting effect of sewage from 
midden towns, as compared with that from water-closet 
towns, the Commissioners say: — 

"These analytical numbers show a remarkable similarity 
of composition between the sewage of midden towns and 
that of water-closet towns. The proportion of putrescible 
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organic matter in solution in the former is but slightly less 
than in the latter, whilst the organic matter in suspension 
is somewhat greater in midden than in water-closet sewage. 
For agricultural purposes, 10 tons of average water-closet 
sewage may, in round numbers, be taken to be equal to 
12 tons of average privy sewage. The average quantity 
of chlorine in 100,000 parts of water-closet sewage is 1066, 
while in midden sewage it is 11'd4i. This diflference is very 
significant; it shows that, assuming (which is probably 
approximately the case) all the urine to reach the sewers 
in both classes of towns, a larger number of individuals 
contribute to a given volume of sewage in midden than in 
water-closet towns. . . . The retention of the solid excre- 
ments in middens is not, therefore, attended with any con- 
siderable diminution in the strength of the sewage, although 
the volume, even in manufacturing towns, is somewhat 
reduced ; neither is the case substantially difierent where 
earth-closets are substituted for the Lancashire midden, for 
the sewage from Broadmoor Lunatic Asylum, in which these 
closets are partially used, exhibits no exceptional degree of 
weakness. ... It seems hopeless, therefore, to anticipate 
any substantial reduction of sewage pollution by dealing with 
solid excrementitious matters only. It should, however, be 
noted that careful interception of excretal matter must tend 
to the lessening of the strength of domestic sewage." 

In regard to pollution by manufacturing refuse, the results 
of the analyses by the Commissioners, as tabulated on p. 13, 
will be instructive. 

The special means recommended for the purification of these 
classes of pollutions will be discussed hereafter. 

Sewagre Disposal in Relation to Health.— The influence 

upon health of the improper disposal of sewage on one hand, 
and of the insanitary conservation of refuse matters on the 
other, is well known to be of the most pernicious nature. 

The connection between some of the zymotic diseases — 
cholera, typhoid, &c. — ^and polluted water-supplies, has been 
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TABLE IL— ANALYSES OF POLLUTION FROM MANUFACTORIES. 
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firmly established by the various sanitarians of this and other 
countries, who have investigated outbreaks of those diseases. 
A large number of examples have been summarised by 
Du Chaument, Corfield, and others. 

Water-supplies taken from rivers may be polluted by the 
direct discharge into them of sewage ; those abstracted from 
the earth by means of wells, may be polluted by the leakage 
from cesspools, privies, and defective sewers. 

Seweragre and Sewasre Disposal.— The remedies for the 

first class of pollution are the interception and purification 
of the sewage ; those for the second class are the construction 
of water-tight sewers, drains, cesspools, and privies. In the 
vocabulary of the engineer, "sewerage works" are distinct 
from "sewage disposal works." The first definition applies 
to the sewers and contingent works necessary for the collection 
and removal of sewage. Such works have been exhaustively 
described by Mr. Baldwin Latham,* and by other writers. 
The second deiSnition, which has been adopted as the title 

* Sanitary Engineeringj by Baldwin Latham, 1878. 
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of this work, applies to the land, filters, tanks, and other 
works necessary for the treatment and purification of sewage. 
Modes of Sewage Disposal. — In this connection, we may 
summarise the recommendations of the various Commissioners 
and others, who have investigated the subject. 



Conclusions of The Royal Sewage Commissioners 
appointed in 1857. . 

" 1. The right way to dispose of town sewage is to apply it 
continuously to land, and it is only by such application that 
the pollution of rivers can be avoided." 

" 2. The financial results of a continuous application of 
sewage to land differ under different local circumstances; 
first, because in some places irrigation can be effected by 
gravity, while in other places more or less pumping must be 
employed ; secondly, because heavy soils (which in given 
localities may alone be available for the purpose) are less fit 
than light soils for continuous irrigation by sewage/' 

" 3. Where local circumstances are favourable, and undue 
expenditure is avoided, towns may derive profit, more or less 
considerable, from applying their sewage in agriculture. Under 
opposite circumstances, there may not be a balance of profit ; 
but even in such cases a rate in aid, required to cover any 
loss, need not be of large amount." 

"Finally . . . the following two principles are estab- 
lished for legislative application : — 

*•' First, that wherever rivers are polluted by a discharge of 
town sewage into them, the towns may reasonably be required 
to desist from causing that public nuisance. 

"Second, that where town populations are injured or en- 
dangered in health by a retention of cesspool matter among 
tliem, the towns may reasonably be required to provide a 
system of sewers for its removal." 

This report was made in 1865. 
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Conclusions of the Commissioners appointed in 1 868 to 
inquire into the best means of Preventing: the 
Pollution of Rivers. 

"... For the purpose of efficient legislation, an arbitrary- 
line must be drawn between waters which are to be deemed 
polluting and inadmissible into streams, and such as may be 
considered innocuous, and, therefore, admissible into river 
channels. It will thus become easy, on the one hand, to 
convict reckless or careless corporations or manufacturers, and, 
on the other, which is equally important, to protect them 
from the incessant and uncertain litigation that must ensue 
if no definition of polluting liquids be adopted. . . . The 
following standards of purity . . . rejiresent, in a con- 
centrated form, our experience acquired by the incessant 
investigation for four years of the chief manufacturing pro- 
cesses carried on in this country, and the following liquids 
should be deemed polluting and inadmissible into any stream : — 

** (a.) Any liquid containing, in suspension, more than 
3 parts by weight of dry mineral matter, or 1 part by 
weight of dry organic matter in 100,000 parts by weight of 
the liquid. 

*' (6.) Any liquid containing, in solution, more than 2 parts- 
by weight of organic carbon, or 0'3 part by weight of organic 
nitrogen, in 100,000 parts by weight. 

" (c.) Any liquid which shall exhibit by daylight a distinct 
colour when a stratum of it 1 inch deep is placed in a white 
porcelain or earthenware vessel. 

** (d.) Any liquid which contains, in solution, in 100,000 
parts by weight more than 2 parts by weight of any metal 
except calcium, magnesium, potassium, and sodium. 

*• (e.) Any liquid which, in 100,000 parts by weight, contains, 
whetJter in solution or suspension, in chemical combination or 
otherwise, more than 005 part by weight of metallic arsenic. 

"(/.) Any liquid which, after acidification with sulphuric 
acid, contains, in 100,000 parts by weight, more than 1 part 
by weight of free chlorine. 
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" (g.) Any liquid which contains, in 100,000 parts by weight, 
more than 1 part by weight of sulphur, in the condition either 
of sulphuretted hydrogen or of a soluble sulphuret. 

"(A.) Any liquid possessing an acidity greater than that 
which is produced by adding 2 parts by weight of real 
muriatic acid to 1,000 parts by weight of distilled water. 

" (i.) Any liquid possessing an alkalinity greater than that 
produced by adding 1 part by weight of dry caustic soda to 
1,000 parts by weight of distilled water. 

" (k.) Any liquid exhibiting a film of petroleum or hydro- 
carbon oil upon its surface, or containing in suspension in 
100,000 parts, more than 005 part of such oil." 

With regard to sewage effluents, the Commissioners remark — 

" There is in the case of town sewage, a condition of things 
which ought, in our humble opinion, to be taken into careful 
consideration in the framing of a legislative enactment. The 
condition to which we allude is that caused by excessive 
rainfall, or 'storm-water,' as it is technically called. To provide 
for the exceptional occasions when this condition prevails 
would entail in many cases an expenditure in sewerage works, 
many times greater than that necessary in ordinary weather. 
We are, therefore, of opinion that, however undesirable, it 
will be necessary to permit storm-water to flow directly into 
rivers w-ithout preliminary cleansing. Unfortunately, chemical 
anal5^sis shows that storm-water, so far at least as its earlier 
portions are concerned, is more polluting than dry-weather 
sewage, owing to old deposits in the sewers being then swept 
to the outfall ; and it will be important to guard against any 
unnecessary use of this exceptional permission." 

Conclusions of the Committee appointed by the Loeal 
Government Board in 1875 to inquire into the 
various methods of sewage disposal. 

*' 1. That the scavenging, sewering, and cleansing of towns 
are necessary for comfort and health. . , ." 



LOCAL GOVERNMENT BOARD COMMITTEE, 1 875. 1 7 

**2. That the retention . . • of refuse and excreta 
. . . in cesspools ... or other places in the midst of 
towns must be utterly condemned; and that none of the 
(so-called) dry-earth or pail-systems or improved privies can 
be approved other than as palliatives for cesspit-middens. 



» 



" 3. That the sewering of towns, and the draining of houses, 
must be considered a prime necessity. . , ." 

"4. That most rivers and streams are polluted by a dis- 
charge into them of cioide sewage, which practice is highly 
objectionable." 

" 5. That, as far as we have been able to ascertain, none of 
the existing modes of treating town sewage by deposition and 
by chemicals in tanks appear to effect much change beyond 
the separation of the solids and the clarification of the liquid. 
That the treatment of sewage in this manner, however, effects 
a considerable improvement, and, when carried to its greatest 
perfection, may in some cases be accepted." 

^ 6. That, so far as our examinations extend, none of the 
manufactured manures made by manipulating town's refuse, 
with or without chemicals, pay the contingent costs of such 
modes of treatment ; neither has any mode of dealing separ- 
ately with excreta, so as to defmy the cost of collection and 
preparation by a sale of the manure, been brought under our 
notice." 

"7. That town sewage can best and most cheaply be dis- 
posed of and purified by the process of land irrigation for 
agricultural purposes, where local conditions are favourable 
to its application, but that the chemical value of sewage is 
greatly reduced to the farmer by the fact that it must be 
disposed of day by day throughout the entire year, and that 
its volume is generally gi'eatest when it is of the least service 
to the land." 

"8. That land irrigation is not practicable in all cases; 

and, therefore, other modes of dealing with sewage must be 

allowed." 

2 
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"9. That towns, situate on the sea-coast, or on tidal 
estuaries, may be allowed to turn sewage into the sea or- 
estuary, below the line of low-water, provided no nuisance is 
caused ; and, that such mode of getting rid of sewage may be 
allowed and justified on the score of economy." 

Conclusions of the Committee appointed by the Society 
of Arts, in 1876, to inquire into various subjects 
connected with the Health of Towns. 

" In certain localities where land at a reasonable price can 
be procured with favourable natural gradients, with soil of 
suitable quality and in sufiicient quantity, a sewage farm, if 
properly conducted, is apparently the best method of disposing 
of water-carried sewage. 

"It is essential, however, to bear in mind that a profit 
should not be looked for by the locality establishing the 
sewage farm, and only a moderate one by the farmer. 

**With regard to the various processes based upon subsi- 
dence, precipitation, or filtration, it is evident that by some of 
them a sufficiently purified effluent can be produced for dis- 
charge, without injurious result, into water-courses and rivers 
of sufficient magnitude for its considerable dilution, and that 
for many towns where land is not readily obtained at a 
moderate price, these particular processes afford the most suit- 
able means of disposing of the water-carried sewage. 

'* It appears, further, that the sludge, in a manurial point of 
view, is of low and uncertain commercial value ; that the cost 
of its convereion into a valuable manure will preclude the 
attainment of any adequate return on the outlay and working 
expenses connected therewith ; and that means must, therefore, 
be used for getting rid of it without reference to possible profit. 

"For health's sake, without consideration of commercial 
profit, sewage and excreta must be got rid of at any cost." 

In regard to the question of the interception of excretal 
matters, generally referred to as the "dry" system, as dis- 
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tinguished from the ** water-carriage" system, the Committee 
passed the following resolutions : — 

" 1. That the pail system, under proper regulations for early 
and frequent removal, is greatly superior to all privies, cess- 
pools, ashpits, and middens, and possesses manifold advantages 
in regard to health and cleanliness, whilst its results in 
economy and facility of utilisation often compare favourably 
with those of water-carried sewas:©. 

" 2. That hitherto no mode of utilising the excreta has been 
brought into operation which repays the cost of collection. 

"3. That the almost universal practice of mixiug ashes 
with the pail products, though it applies these as a convenient 
absorbent, and possibly to some extent as a deodorant, is 
injurious to the value of the excreta as manure. 

"4. That for use within the house, no system has been 
found in practice to take the place of the water-closet." 

" 8. That all middens, privies, and cesspools in towns should 
be abolished by law, due regard in point of time being had to 
the condition of each locality." 

Conclusions of the Commissioners appointed by the 
Minister of Public Works, to propose measures for 
remedying the pollution of the Seine, 1874. 

" To prevent the pollution of the Seine by the waters of the 
intercepting sewers, the most economical, practical, and effica- 
cious means consists in using them in the irrigation of a 
sufficiently permeable soil. Different kinds of tillage (above 
all, that of kitchen gardens) will find in these waters the 
moisture and manure necessary for them. 

" The experiments, made in the plain of Gennevilliers, are 
entirely conclusive in showing, not only the luxuriant vegeta- 
tion which may be produced by irrigations, but their harm- 
lessness in respect of health, as well as the perfect purification 
of the waters, which return to the river after having traversed 
a subsoil naturally permeable or sufficiently drained. • i t 

"It is important in every respect to put promptly in 
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execution the project submitted to the Municipal Council of 
Paris for the employment of a volume of water of at least 
fifty million cubic metres (sixty-five million cubic yards) per 
annum on a surface of 1,000 hectares (2,471 acres) in the 
Commune of Gennevilliers. . . . 

. ** As to purification by chemical processes, and in particular 
b}'' sulphate of alumina, the Commission are of opinion that it 
will not constitute a complete and practical solution of the 
question ; the application of these processes to the entire 
sewage waters would involve an expenditure, and difficulties 
in working, which are altogether disproportionate to the 
results obtained either from a sanitary or agricultural point 
of view. . • 



1} 



Extracts from the Report of the Committee appointed 
by the Corporation of Glasgow, in 1880, to inquire 
into the various methods of sewaspe disposal. 

: " Probably the only proposition of universal acceptance is 
that crude sewage cannot be disposed of anywhere, by any 
means, without nuisance or risk of nuisance. Whether 
poured into a running stream, a tidal river, or the open sea, 
or distributed on an extended area of land, it is certain, that 
at some time or other, it will make its presence felt. Some 
clarifying process whereby the whole of the suspended 
impurities, at least, shall be removed, seems to be an indis- 
pensable preface, even to discharge into the sea or to irrigation. 

"There are processes of precipitation now in operation 
which give an effluent capable of being discharged into a 
river with perfect inofFensiveness, and without sensibly 
destroying its purity, provided always that the volume of 
sewage is small compared with that of the river. 

" The success or otherwise of a precipitation process depends 
largely upon details in the arrangement, construction, and 
management of the various parts of the works. The best 
prpcq;ss piay fail by neglect of these details. 

" Whatever be the process of chemical purification to which 
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the sewage is subjected, the effluent is still impure, and %<ull 
putrefy and give off noxious gases if kept for some time ; and 
we know of no way in which the purification can be completed 
but oxidation. Filtration through cultivated land — i.e., irriga- 
tion — is probably the best means. But oxidation of the effluent 
may in most cases be effected by the simple and natural 
process of running it into the nearest water-course, when; if 
the proportion of clean water be sufficient, the organic matter 
will be gradually oxidised, and the effluent water will not 
become putrid or offensive in any way even in warm weather* 

"The sewage-sludge is the troublesome, not to say dan- 
gerous, element in all such processes, especially that from 
lime precipitation, which changes more rapidly than that 
produced by the action of alumina or oxide of iron. The 
firsts and absolutely essential preliminary to the adoption 
of any method of treatment by precipitation, is to arrange 
for the systematic removal of the sludge from the works. 
To begin sewage treatment without this is to end in the 
creation of a gigantic nuisance, and become involved in an 
almost hopeless struggle to suppress it." 

** Sewage-sludge may be disposed of in four ways — it may 
be compressed into portable cakes ; or it may be conveyed 
in a semi-fluid condition to the open sea ; or it may be used 
to make up waste land ; or it may be dug into ground, so 
producing a highly fertile soil.*' 

The Committee recommended : — 

"1. That the system of having water-closets for public 
works, jails, workhouses, infirmaries, and railway stations, 
should be forbidden, so as to reduce the quantity of water- 
closet sewage now turned into the river; water-closets in 
small houses should also be discouraged. 

"2. That the ordinary privies and ashpits be altered to 
the tub and pail system, to be cleansed daily, as it has been 
carried out in Manchester and other important English cities 
and towns; and that special accommodation be provided for 
children. . . . 
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•*In the event of it being found necessary to purify the 
river : — - 

*^7. That the whole drainage of the city be taken into 
main intercepting sewers, and conducted to a suitable point, 
and, after being rendered clear by precipitation and filtmtion, 
passed into the Clyde. 

"8. That the sludge obtained in the precipitation process 
be got rid of in the cheapest possible manner. A part of it 
might be utilised in making up waste land, and a certain 
quantity might be taken away by farmers; but the greater 
part would probably require to be disposed of in the same 
manner as the dredgings of the river." 

The case of ^^The Lower Thames Valley Main Sewerage 

Board" is most instructive as an example of the difficulties 
which beset the question of sewage disposal. A number of 
suburban districts and towns, located on both banks of the 
Thames between London and Windsor, joined in a common 
endeavour to sewer their districts, the Joint Board bearing 
the above-named title. 

After three schemes of sewerage and sewage disposal had 
been considered, and a very considerable sum of money had 
been expended, by both the promoters and the opponents of 
the schemes, the Joint-Board was dissolved, and some of the 
towns have since constructed the necessarv works. 

The third scheme of the Joint Board, only, was approved 
by the Local Government Board in 1884, and a provisional 
Order was issued, but, on application being made to Parlia- 
ment to confirm it, the Order was rejected by the House of 
Commons' Committee, on the ground that it was inexpedient 
that the sewage should be combined and treated at one spot. 
The Committee also recommended that the districts should 
be sub-divided. The scheme, to which those proceedings 
referred, was that of Messrs. Mansergh and Melliss, in which 
it was proposed to chemically treat the sewage near Mortlake, 
and to pass the effluent into the Thames, regarding which, the 
Committee observed — "Your Committee believe that in these 
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cases the process of filtering the chemically purified effluent 
through earth, ought, if possible, to be adopted, which was 
not provided for in the scheme under their consideration." 

The district has now been sub-divided ; in some cases each 
town has carried out its own work; in others, two or more 
have combined for that purpose. 



Conclusions of the Commissioners appointed by the 
Hunicipal Authority of the City of Turin, to inquire 
into the methods adopted for the disposal of refuse 
In various European towns. 

'* 1. That the chemical or precipitation methods for the 
treatment of sewage, which have been tried up to the pi-esent 
time, do not succeed in separating the manurial ingredients, 
are costly, clarify, but do not purify the water, which, more- 
over, remains liable to undergo putrefaction afresh if the 
process is not followed by some method of oxidation. 

" 2. The only method recognised up to the present time as 
really efficacious for the purification of sewage is irrigation, 
carried out in a proper way upon suitable soil; after the 
separation of the suspended matters, this method is deprived 
of danger and of inconvenience, and in our districts would give 
the best agricultural results." 

Conclusions and Recommendations of the Royal Com- 
missioners on Metropolitan Sewaspe Discharge, 
1884. 

"First Beport. 

" 1. That the works of the Metropolitan Board, for the 
purpose of carrj'ing the sewage of London to the respective 
outfalls at Barking Creek and Crossness, have been executed 
in a highly creditable manner, and have been of great benefit 
to the Metropolis. 

" 2. That the storm-overflows allow the occasional discharge 
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into the river, within the Metropolis, of considerable quantities 
of solid faecal matter accumulated in some of the sewers ; but 
this has not caused, under present circumstances, serious 
damage or offence. 

'* 3. That the sewage from the northern outfall is discharged 
partly over the foreshore, and not, as was originally intended, 
* through submerged pipes terminating below low- water mark;' 
this arrangement increasing the risk of nuisance from the 
discharge. 

"4. That the discharge of the sewage in its crude state, 
during the whole year, without any attempt to render it less 
offensive by separating the solids or otherwise, is at variance 
with the original intention, and with the understanding in 
Parliament when the Act of 1858 was passed. ^ 

** 5. That the sewage discharged from the main outfalls 
becomes very widely distributed by the motions of the water, 
both up and down the river, being traced in dry seasons 
through the Metropolis and almost as high as Teddington ; and 
that it oscillates for a long period before getting finally out 
to sea. 

" 6. That the dilution of the sewage by the land and sea 
water, aided by the agitation produced by the various motions 
in the river, effects a partial purification of the sewage by 
oxidation ; and that this purification is carried farther by the 
action of animal and vegetable organisms. 

"7. That the sewage, which becomes distributed to the 
higher and to the lower portions of the river, thus gradually 
loses its offensive properties. The limits above and below the 
outfalls where this purification becomes efiicient, vary with 
the meteorological conditions ; but it may be stated that, in 
general, above Greenwich and below Greenhithe the river does 
not afford ground for serious complaint. 

"8. That between these limits the effects of the sewage 
discharge are more or less apparent at all times. 

" 9. That in dry seasons the dilution of the sewage is scanty 
and ineffective, especially at neap tides. 
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*' 10. That it does not appear that hitherto the sewage dis- 
charge has had any seriously prejudicial effect on the general 
healthiness of the neighbouring districts. But that there is 
evidence of certain evil effects of a minor kind on the health 
of persons employed upon the river; and that there may 
reasonably be anxiety on the subject for the future. 

" 11. That in hot and dry weather there is serious nuisance 
and inconvenience, extending to a considerable distance both 
below and above the outfall, from the foul state of the water 
consequent on the sewage discharge. The smell is very offen- 
sive, and the water is at times unusable. 

"12. That foul mud, partly composed of sewage matter, 
accumulates at Erith and elsewhere, and adheres to nets, 
anchors, and other objects dropped into it. 

" 13. That sand dredged near the outfalls, which used to be 
obtained in a pure state, is now found to be so much con- 
taminated with sewage matter as to be unusable ; compelling 
the dredgers to go farther away. 

" 14« That for these reasons the river is not, at times, in the 
state in which such an important highway to a great capital 
carrying so large a traffic ought to be. 

"15. That in consequence of the sewage discharge, fish 
liave disappeared from the Thames for a distance of some 
fifteen miles below the outfalls, and for a considemble distance 
above them. 

"16. That there is some evidence that wells in the neigh- 
bourhood of the Thames are affected by the water in the 
river; and, although there is no proof of actual injury due 
to the sewage, that anxiety may be felt in that point. 

" 17. That there is no evidence of any evil results to the 
navigation of the river by deposits from the sewage discharge ; 
but that this discharge adds largely to the quantity of detritus 
in the river, and so must increase the tendency to deposit 

"18. That the evils and dangers are likely to increase with 
the increase of population in the districts drained. 

" 19. That it is desirable we should inquire further * what 
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measures can be applied for remedying or preventing' the 
evils and dangers resulting from the sewage discharge.'* 

"Second Report. 

*' 1. Our opinion of the evils described in our first report, 
as resulting from the present system under which sewage is 
discharged into the Thames by the Metropolitan Board of 
Works, is much strengthened, and we believe these evils 
imperatively demand a prompt remedy. 

"2. We are of opinion that it is neither necessary nor justi- 
fiable to discharge the sewage of the Metropolis in its crude 
state into any part of the Thames. 

" 3. We are of opinion that some process of deposition or 
precipitation should be used to separate the solid from the 
liquid portions of the sewage. 

" 4. Such process may be conveniently and speedily applied 
at the two present main outfalls. 

" 5. The solid matter deposited as sludge can be applied to 
the raising of low-lying lands, or burnt, or dug into land, or 
carried away to sea. 

" 6. The entire processes of precipitation and dealing with 
the sludge can be, and must be, effected without substantial 
nuisance to the neighbourhoods where they are carried on. 

** 7. The liquid portion of the sewage, remaining after the 
precipitation of the solids, may, as a preliminary and tern- 
porary measure, be suffered to escape into the river. 

"8. Its discharge should be rigorously limited to the period 
between high water and half -ebb of each tide, and the top of 
the discharging orifice should be not less than 6 feet below 
low water of the lowest equinoctial spring tides. 

" 9. By these means much of the existing evil will be abated. 

" 10. But we believe that the liquid so separated would not 
be sufficiently free from noxious matters to allow of its being 
discharged at the present outfalls as a permanent measure. 
It would require further purification ; and this, according to 
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the present state of knowledge, can only be done eflfectually 
by its application to land. 

"11. In the case of the Metropolis, the best method of 
applying the liquid to land with a view to its purification 
would be by intermittent filtration. We have reason to 
believe that suflScient land of a quality suitable for this 
purpose exists within a convenient distance of the northern 
outfall. The liquid portion of the sewage would be pumped 
up to this land from the separating works, and after filtration 
would be conducted to the river. 

"12. We do not know whether suitable land in sufiicient 
quantity can be found in convenient positions near the 
soutliem outfall. If not, the liquid must be conveyed across 
to the north side by a conduit under the river. 

** 13. If suitable land in sufficient quantity and at reasonable 
cost cannot be procured near the present outfalls, we recom- 
mend that the sewer liquid, after separation from the solids, 
be carried down to a lower point of the river, at least as low 
as Hole Haven, where it may be discharged. In this case 
it will also be advisable that the liquid from the southern 
sewage should be taken across the river, and the whole con- 
veyed down the northern side. It may be found that the 
separating process can be effected more conveniently at the 
new than at the present outfalls ; this will depend on various 
considerations of cost and otherwise. 

" 14. If* the outfalls are removed farther down the river, 
the main conduit or conduits may, if thought desirable, be 
made of sufficient capacity to include a general extension of 
the drainage to the whole of the districts round London, as 
recommended by Sir Joseph Bazalgette and Mr. Baldwin 
Latham. In new drainage works the sewage should be, as 
far as possible, separated from the rainfall." 

In summarising the foregoing conclusions and recommenda- 
tions of the various Commissioners and Committees, who have 
investigated the subject of sewage disposal on different occa- 
sions, in this and in other countries, during the past 30 years. 
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it will be observed that perfect unanimity obtains in regard 
to the purification of sewage by means of land. Notwith- 
standing the fact, that during that period the chemical treat- 
ment of sewage has received the concentrated attention of the 
most eminent chemists, it is still recognised that, in order to 
produce a sewage effluent of any substantial degree of purity, 
land must be employed in some form or other. 

In certain cases, and under conditions to be discussed in a 
subsequent chapter, sewage may be sufficiently purified by 
means of chemicals to admit of the liquid portion being dis- 
charged into streams or rivers. 

In the case of sea-side towns, sewage may, under favourable 
conditions, be discharged, in its crude state, into the sea. 



CHAPTER III. 

HOURLY AND DAILY FLOW OF SEWAGE. 

Having described the general character of River Pollutions, 
and having presented a brief summary of the recommendations 
and conclusions of the various eminent bodies that have in- 
vestigated the subject, we may, before examining the remedies 
as applied, properly inquire into some of the conditions which 
affect their employment. 

This division of the subject will be considered under three 
heads, as follows : — 

1. The hourly and daily flow of sewage. 

2. The separation of rainfall. 

3. Partial interception, by " dry " methods. 

Rate of Sewage Flow.— With regard to the first of these 
questions, on examining the diagrams given on Plate I. (p. 28), 
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it will be seen that the hourly flow of sewage and its com- 
position, as may be expected when the nature of its source is 
considered, varies to a very large extent throughout the 
twenty-four hour period. 

From Houses. — The principal source of sewage is the house, 
and in consequence of the domestic habits of the people being 
more or less uniform in character, so far as each particular class 
of the community is concerned, and, as many of those habits 
involve the fouling of larger or smaller volumes of water, 
which are then discharged into the sewers, as moreover, certain 
of these operations are performed with tolerable regularity day 
by day, it is certain that their influence will be observable in 
the sewers. 

In the case of houses provided with baths that are used 
regularly day by day, the early morning sewage will, until 
its entry into the sewer, be simply soiled water, which will 
dilute the sewage with which it mixes. During the forenoon, 
the scullery sinks, the water-closets, and the house-maids' 
sinks, will be freely discharging various foul matters, more 
or less diluted ; in the afternoon and evening the scullery 
sink is the principal contributor. 

From Factories.— At all hours of the day and night 
manufacturing refuse is poured into the sewers in towns 
where manufactories exist, and the joint effect of these several 
operations is to produce important fluctuations in both the 
flow and the chemical composition of sewage. 

The variations in the hourly flow of sewage have necessarily 
been recognised by engineers, who consequently make pro- 
vision for them in designing outfall sewers. 

Upon the design and construction of settling tanks, and the 
application of chemicals, for the purpose of sewage treatment, 
this hourly fluctuation of flow exercises an important influence. 

The question was most fully and carefully examined, in 
connection with the drainage] of London, by Mr. Haywood, 
by Sir Joseph Bazalgetbe, and by the Referees who reported 
upon the scheme for the main drainage of the Metropolis. 
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A very large number of gaugings of various main sewers 
were taken by the Referees, and the following general results g 

were obtained: — - 
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(1.) Area sewered 75,251 acres. m 

(2.) Population on that area 2,656,000. » 

(3.) Population per acre 35. ^ ^ 

(4) Daily flow of sewage (dry weather) 15,208,083 cubic feet. 
(5.) Maximum avemge flow of sewage per acre 1*402 cubic 
feet per minute. 

(6.) Flow of sewage per head per day 36 gallons. 
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According to Population Density.— It should be remarked 
that the density of population varied from 253 persons per 
acre to 7*3 persons, and that the flow of sewage from each 5 

acre varied from 004 cubic feet per minute to 0*83, accordingly f 

as the relative districts were of a suburban or an urban ^ 

character. These wide variations must necessarily be borne 
in mind when considering the design of sewage disposal works. 

Maximum Rates of Discharge.— The hourly rate of flow 
of sewage again fluctuates so widely, that a neglect of its 
consideration must result in improperly designed works when 
these have as their object the treatment or purification of 
sewage. 

In the subjoined table, the details as regards the Metropolis 
have been prepared from the data contained in the report of 
the Referees; those relating to Leicester, from a report by 
Mr. Gordon, M.Inst.C.E. ; those to Aylesbury from a report 
by Dr. Tidy ; those to Providence from a report by the City 
Engineer, Mr, Gray; while those relating to Wimbledon are 
the results of the author's gaugings. 

From these details we may construct an empirical rule, 
after making due allowance for contingencies, which will 
fairly apply to most sewage disposal works — 

1. Seventy per cent, of the daily flow may be discharged in 
twelve hours. 
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TABLE UL— PERIODICITY OP FLOW OP SEWAGE. 



TOITN. 


Maximum Pbbckntagks Dischasokd. 


ExcesR or 
Maximum 
over Mean 
Discharge, 

Per Cent. 


Gallons 

Per 

He^td Per 

Day. 


7 am. 
to 7 p.m. 


During 
8 Hours. 


During 
6 Uoui-a. 


Diurtng 
1 Uour. 


Aylesbury, , 
Leicester, . . 
London, • . 
Providence, . 
Wimbledon, . 


56 
60 
68 
61 
66 


42-2 
42-8 
490 
420 
48*2 


31-4 
31-3 
37 
33 
39-5 


5-90 
6-70 
6-64 
6-63 
7-40 


42 

37 
60 
35 

78 


60 
42 
36 

• • • 

29 


Averages, 


62-2 


44-8 


34-44 


6-25 


60-4 


• • • 



2. Eight per cent, may be discharged in one hour, during the 
period of maximum flow. This last provision may appear to 
be high, but, as a matter of fact, upwards of 7 per cent of the 
Wimbledon sewage has frequently been discharged in one hour* 

An explanation of the differences observable in regard to 
the sewage flow of the various towns, may be found partly 
in the configuration of the districts, in great part in the 
leakage into the sewers of subsoil water, and not least, in 
the influx of large volumes of manufacturing refuse. 

Accordingr to Physical Aspect.— As regards the physical 
aspects of the district sewered, in cases where the houses 
are spread over wide areas in which the sewage may occupy 
from a few minutes to as many hours in reaching the common 
outfall, the hourly fluctuations will be smaller in extent than 
where the opposite conditions obtain. Flat districts, again, 
will be productive of conditions similar in character, but less 
in degree, to those having a low density of population. 

Influence of Leaka.ge. — The leakage into sewers of subsoil 
water, being nearly constant in volume throughout the day, 
tends to modify the hourly fluctuations ; the leakage into 
the subsoil of sewacre, when sewers are defective and the 
subsoil is of a dry, open character, has the same tendency. 
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since the leakage is greatest during the period of maximum 
flow. The effect of the influx into sewers of large volumes 
of liquid manufacturing refuse at uncertain periods, is to 
accentuate the hourly fluctuations. In applying the rule, 
therefore, these various details must be carefully considered. 

Hourly Variation of Composition.— The analyses, by 
Dr. Tidy, of Aylesbury sewage are of great value, as showing 
the varying character of the sewage at different periods of the 
day. The details of some of the chemical constituents of 
sewage, with the hourly fluctuations of flow, are shown in a 
diagrammatic form on Plate I. 

It is desirable to point out that in cases where it is necessary 
to pump the sewage, the hourly volume discharged into the 
tanks, or other I'eceptacles, will depend upon the capacity of 
the pumping machinery, and the mode of working. As some 
kind of storage reservoir for the sewage is usually provided in 
these cases, its effect is to equalise the hourly variations in the 
composition of the sewage. 



CHAPTER IV. 

THE PAIL SYSTEM, AS AFFECTING SEWAGE. 

Composition and Value of Sewagre.— As a result of the 
experiments conducted by Roderer, Eichhom, Letheby, Tidy, 
and other chemists, it may be taken that the liquid and solid 
excreta yielded by a mixed population of adults and children 
amounts to 2^ lbs. (17,500 grains) per head per diem, of which 
one-twelfth consists of faecal matter, the remainder of urine ; 
of the faecal matter about 260 grains are insoluble in water, 
thus, of the suspended matters in average sewage, about 
7 grains per gallon are due to faecal matter. 

The components of urine and faeces have been thus tabulated 
by Dr. Tidy * :— 

* Journal of the Society of Arts, October 8, 18S6. 
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TABLE IV.— COMPOSITION AND ESTIMATED VALUE OF THE 
SOLIDS OF URINE AND FiECES, AND OF THE MIXED 
EXCRETA OF A POPULATION. 



CoSSTITDKhTS FSB TOX. 


Ammonia 

(=7d. 

per lb.) 


Phobfrorxc Acid. 


Potosh 

(=8d. 

per lb.) 


Estimated 

Value 

per ton. 


Soluble 

(=4d. 

per lb.) 


Insoluble 

(=2d. 

per lb.) 


NATURAL STATE, 

Urine, .... 

JC KCoBy . • . • 

Mixed Excreta of Popula- 
tion, .... 

1,000 tons of Average 
London Sewage, . 


Lbs. 
23-94 

35-45 

2313 

219-37 


Lbiu 
2-94 

• • • 

2-70 
27-61 


Lbs. 

« • • 

26-62 

1-93 

24-20 


Lbs. 
3-39 

9-46 

3-83 

50-65 


£ a D. 

15 10 

1 7 6 
15 8 
1} 



The annual value of the excreta of an adult person has been 
variously estimated by different authorities at from Cs. 6d. 
to£l. 



Lawes and Way value it at 
Voelcker values it at . 
Hofmann and Witt value it at 
Thudichum values it at 



8s. 5|d. 

9s. 

lis. 9id. 

20s. 



The ammonia in urine voided by an average person per 
annum is said to be worth about 7s., while that contained in 
the faecal matter is valued at Is. 3d. {Tidy), 

Compared with the manure yielded by animals usually 
found on farms and with guano— 

1 lb. of human excrement 

= 13 lbs. of horse-dung. 
1 lb. of human excrement 

= 6 lbs. of cow-dung (Macaire and Marcet). 
Excreta (solid and liquid) of one adult 

= droppings from one sheep {Mechi). 
Yearly excreta (solid and liquid) of one adult 

= 75 lbs. Peruvian guano {Vodcker). 
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The pail system has been evolved from the old midden 
and cesspool systems, regarding the evil effects of which 
latter^ the Blue Books and Ofiicial Reports issued from time 
to time since the date of Chadwick's first researches, give 
numberless examples. It is unnecessary to enter into the 
details of such an abominable system of conservation of foul 
matters, since it is universally condemned by all sanitarians. 

As an example of the enormous mass of pollution at one 
time existing in the large northern cities, Manchester maj"^ be 
quoted, where, in 1868 no fewer than 60,000 open middens 
and cesspools, covering an area of 16 acres, were in existence. 
The abolition of these centres of infection and disease, and 
the substitution of pan, or pail, or improved closets, has led 
to an improvement in the health of the people of inestimable 
value. A large amount of attention has been bestowed upon 
the sanitary arrangements generally, and as a result of the 
labours of the Health Committee, the annual death rate has 
been reduced from 33 to about 24 per 1,000. 

Compared with London, where there is no conservation of 
excretal matters, water-closets being universal, the rate is 
high ; but with a proper system of main drainage and sewage 
disposal, as about to be carried out, Manchester may yet, with 
the advantages of its splendid water-supply, surpass in healthi- 
ness London itself. 

As recently as 1877,* the aggregate population of 37 large 
towns, amounting in number to 4,028,882, were provided with 
341,928 middens, ashpits, privies, or cesspools, and with 100,350 
pails or tubs ; the cost of collection and disposal amounted to 
£337,232, whilst the receipts were £95,942 per annum. There 
were in addition upwards of 200,000 water-closets in use. 

It will be conceded that the pail system is a vast improve- 
ment upon the old midden and cesspool, the question we have 
to consider is its effect upon the sewage of the town in which 
it is in general use. 

* Conference on Health and Sewage of Towns. Society of Arts, p. 127 of 
Keport. 
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The analyses of the River Pollution Commissioners showed 
little difference between the sewage from water-closet towns 
and that from midden towns. As, however, by the use of the 
pail, or by the substitution of the improved closet of the 
Manchester and other types (see Plate 2), the liquid drainage, 
as from the old midden, no longer enters the sewers, these 
analyses would probably give different results if they were 
made anew. 

It is known that a large proportion of the urine never enters 
the pail or closet, but is received in chamber vessels, and in 
public urinals, from which it is conveyed to the sewers where it 
mixes with the fouled water from sinks and other sources. The 
opponents of the pail system use this fact with much force. 

In the Report by Mr. Gilbert R. Redgrave,* it is stated that 
at Rochdale one-fourth only of the excreta was received by the 
pails ; at Halifax two-fifths were collected ; while at Birming- 
ham, the proportion was as high as one-half. As an average, 
Halifax fairly represented the proportion collected, so that, 
apart from the houses provided with water-closets, and in 
which no pails were used, two-fifths only of the excreta were 
accounted for by the pails in the districts in which they were 
in use. On an average one-fourth of the population of the 
northern towns use water-closets, so that, as a matter of fact, 
two-fifths of three-fourths, or three-tenths only of the 
excreta is intercepted by means of the pail system; but if 
the washings from the pans and pails, and the excrements 
from sick persons, which are disposed of by other means than 
pails, be deducted, it will not be inconsistent with the facts 
of the case to state generally, that one-fourth only of the total 
excrements of a population using the pail system, is inter- 
cepted from the sewers. But, as in the pail system, no attempt 
is made to intercept the liquid refuse from sculleries, laundries, 
stables, slaughter-houses, and other sources, which forms part 
of the ** complex " liquid sewage, the fraction of polluting 
matters intercepted is small compared with the whole. 

 Soiuety qfArU, 1887, ** Health and Sewage of Towna." 
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Palls. — The machinery for effecting this partial interception 
of excretal matters has been most fully developed at Rochdale. 
The details of the pails and collecting vans are given on 
Plates 3 and 4. The pails are made from petroleum oil casks 
cut in two, and then restaved and rehooped ; the pails when 
finished are 18 inches in diameter at the top, 15 inches at 
the bottom, and about 16 inches in depth. The first cost is 
3s. 9d. per pail, whilst their life is said to be about two years. 

According to Mr. Piatt, the Borough Engineer of Rochdale, 
the cost of collecting both excreta and house-refuse during 
the year 1887 amounted to £7,354, the^-e being 11,662 pails. 

" The disposal, ie., manufacture, of excreta into a concen- 
trated manure, and the disposal of the ashes, &c., just clears 
the expense of disposal." 

At Nottingham the old midden was in the first instance 
replaced by the improved ash-pit, but more recently the pail 
has been introduced. In the year 1883 there were about 
25,000 pails in use, 5,000 of which were collected each night. 
A pail coloured in a special manner is supplied to houses in 
which infectious diseases or enteric fever exist, and these pails 
are supplied with a special disinfectant. 

At Halifax the pails are used with an absorbent lining of 
dry refuse on the Goux principle, see Plate 3. 

At Birmingham iron pails are used, and their contents, after 
acidification with sulphuric acid, are placed in revolving 
cylinders where evaporation is effected by means of the heat 
derived from burning the town refuse, and a concentrated 
manure is produced. 

Relative Costs of the Pail and Water-closet Systems.— 

During the years 1879-1883, the cost of the pail system was 
investigated by Mr. Councillor Tuke of Bury, and according 
to his experience in that town, where in 1883 the number of 
pail closets was about 3,600, " the average cost of each pail 
closet (per annum) was 12a. 5d., with an average servitude 
of 1*12 houses per pail. ... If the pails were properly 
washed, and the vans employed, the cost of the complete 
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system would be raised by the addition of 4s. 5d." By 
raising the servitude of the pail to that of the midden, for the 
purposes of comparison, Mr. Tuke found the total annual cost 
of each pail to be 203. 6d. By the adoption of sewers, Mr. 
Tuke estimated that the saving in cost of collection would 
be as follows : — 

"2,758 barrels of excreta, now conveyed from |)ails and costing 

58. 9{d. each, would go down sewers, .... £801 10 10 

" 4,469 loads of ashes now costing 3s. 3d. per load, would, if 
removed in bulk and in daylight cost only about 2s. or a 
saving of Is. 3d 279 6 3 

"4,083 loads of excreta now carted from the midden privies at 

a cost of 2s. 6d. per load would go into sewers, . . . 510 7 10 

"8,092 loads of rubbish, now removed at night at a cost of 
28. 6d. per load, would then be removed in daylight. 
This would save two-ninths of the wages of the men, the 
whole cost of lamps, oil, carbolic powder, &c. ; besides, 
the fact that the men could, and would, do much more in 
daylight than they do in the dark, save say 20 per cent., 
or 6d. per load, 20260 



Total saving, .... £1,7931011 
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As a set-off to this estimate, the cost of treating the 
additional sewage at the outfall must be considered. It 
is urged by the advocates of the pail system that the total 
volume of sewage would be much increased by the substitu- 
tion of water-closets, but the trough water-closets at Leeds 
consume but 3 gallons per head per day, whilst it is possible, 
by the use of Fowlers', or Ducketts' (see fig. 1), or the 
Crewe slop water-closet, to utilise the waste from sinks for 
the purpose of carrying away the excretal matters, thus 
adding nothing but these matters to the sewage. 

It is said also that water-closets in poor districts are 
liable to be thrown out of order by the introduction of 
large solid bodies, such as old boots, tins, &c., but there 
are hundreds of thousands of these closets in London alone, 
and the difficulties attending their use are found to be easily 
surmountable. 
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Tbe author has had some years' experience of Fowlers' 
closet, in conjunction with Field's syphon flush-tanks, which 
latter receive the waste from the sinks, and he is able to 
confirm the experience of others as to the satisfactoiy working 
of these appliances. 

At Crewe, the London and North-Western Railway Company 
provide their workmen's cottages with the tumbler slop water- 
closet, shown on Plate 2, and wilful interference with its 
proper use is punished by chai;ging the tenant with the cost 
of removing the obstruction. 



Fig. 1.— Duckett's Closet 

With regard to tbe financial aspects of the qaeetion, cir- 
camstances differ in each town, and no absolute data can 
be formulated as being applicable to all cases. We have, 
however, seen that in the case of Bury, tbe estimated saving 
by the adoption of water-carriage would amount to £1,800 
(in round figures) per annum. If ordinary water-closets were 
adopted, and the sewage was increased by 3 gallons per 
head per day, and the cost of treatment at the outfall was 
increased in a corresponding ratio, the additional volume at 
Bury would amount to about 50 million gallons per annum, 
and the cost of chemically treating this volume would, at 
40s. per million gallons, amount to £100 per annum. In 
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order to complete the comparison, we must, on the one hand, 
estimate the whole cost of collection and disposal, with the 
costs of the various dep6ts and machinery that might be 
necessary for dealing with the pail contents, with the returns 
due to sales as a set-off; whilst, on the other hand, the cost 
of the substitution of the water-closet, and of any additional 
tank accommodation at the outfall, with the additional 
working expenses, would have to be considered. 

Experience teaches that at Manchester, at Birmingham, at 
Blackburn, and at other towns, where part of the excretal 
matters are intercepted from the sewers, the same measures 
have to be adopted for treating the sewage as in those towns 
where water-closets are in universal use; from a sanitary 
point of view, therefore, the pail closet must be admitted 
to be but a slight palliative of the ever-increasing pollutions 
which are poured into the streams and rivers of this country. 

The subjoined tables contain some useful details relating 
to the pail system, and to sewage disposal generally. 
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CHAPTER V. 

THE SEPARATION OF RAIN-WATER FROM THE 

SEWAGE PROPER. 

Rain -Water should be Separated from Sewage.— This 

question is beset with difficulties, as regards both its theo- 
retical and practical aspects. 

The question is sometimes considered from one point of 
view, at others from an entirely different one. One writer 
takes as his theme the relative costs of the combined and 
separate systems, whilst another considers the prevention of 
the pollution of rivers as being of the first importance. There 
is, however, a consensus of opinion in favour of excluding 
rain-water from the sewers, so far as may be practicable, and 
more particularly in those cases where sewage is utilised on 
land, or is chemically treated in tanks. 

The author's experience in connection with the disposal of 
sewage leads him to endorse most thoroughly that conclusion. 

Practical DifBiculties* — But here a practical difficulty arises; 
for reasons which may be briefly given, it is inadvisable to 
separate the whole of the rain-water from the sewage; to 
what extent then should the operation be carried out ? 

Separate Drainage of Back Areas.— Those having the 
charge of large sewerage systems know that the stoppage 
of house-drains is of constant occurrence, more particularly 
in the case of small houses built in terraces, in which back 
drainage is allowed. If, for the purposes of separation, two 
sets of drains are carried to the backs of these houses, the 
temptation to connect the blocked sewage drain with the 
rain-water drain would in many cases be too strong to admit 
of the risk being run ; and those only who have charge of 
large systems of sewers in duplicate, can know the amount 
of trouble and expense involved in the detection of improper 
connections with the rain-water sewers. We must be pre- 
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pared, therefore, to take the drainage from the backs of the 
houses and from back-yards into the sewage sewers. 
Separate Drainage of Paved Surfaces.— We may now 

consider the area of the paved surfaces which, in the author's 
opinion, it is desirable to drain into the sewage system. From 
measurements of about 4,000 houses at Wimbledon, one-half 
of which are cottages with a frontage of about 16 feet, the 
remainder, shops and villas of ordinary sizes, and including 
also a fair proportion of large residences, the author found 
that 250 persons were fairly representative of 1 acre of paved 
surfaces, of which area about one-half drains to the back. 
Where separation is carried out, therefore, to the extent 
suggested, 1,000 persons would be the index of 2 acres of 
paved surfaces. If sewers are constructed in duplicate, and 
all the street-water, with that from the fronts of the houses 
and from paved fore-courts, be excluded from the sewage, 
it may be shown that this partial separation still involves 
the provision of accommodation at the sewage disposal works 
for a largely augmented volume of sewage with the occurrence 
of every fall of rain, if no further means are provided for 
diverting the excess. A rainfall 1 inch in depth over 1 acre 
is equal in volume to 3,630 cubic feet, and it is by no means 
unusual for the rate of fall to exceed yujt inch per minute; 
where the fall is equal tx) a rate of y^ inch per minute, the 
rate of flow to the sewage disposal works will be at the rate 
of xVx? = 36*30 cubic feet per minute, from each acre, or from 
each 500 persons, and twice that volume from 1,000 persons, 
if we adopt the data suggested. The sewage proper from 
the latter number of people, would, at the rate of 5 cubic 
feet per head per day, amount to 5,000 cubic feet, 8 per 
cent, of which would be discharged per hour during the 
period of maximum flow, which rate is equal to 666 cubic 
feet per minute per 1,000 persons. As a rainfall of xro inch 
per minute would amount, in the case under consideration, 
to 72*60 cubic feet per minute, or eleven times the volume 
of the sewage proper, in may be inferred that the effect of 
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the sudden influx of such largely increased volumes of liquid 
at the sewage disposal works, would be to throw entirely out 
of gear all the machinery in operation for the treatment of the 
sewage proper. 

If^ to the volume derived from the backs of houses only, 
we add the whole volume of rain-water descending upon the 
paved surfaces, and the impervious soils that are present in 
some towns, the quantity would be increased to such dimen- 
sions as to become practicably unmanageable, and the cost of 
the construction of works capable of dealing with it would be 
out of all proportion to the requirements of the case. 

An estimation of the volume of rain falling upon street- 
surfaces and paved fore-courts, must be of an approximate 
character, since the width of streets, and their other features, 
differ to such an extent in various towns. It will, however, be 
found that, in the majority of cases, one mile of street will be 
representative of 6 acres of paved surfaces ; but it is difficult 
to determine the relation this area bears to the unit of 1,000 
persons, because the density of population varies in such wide 
degrees. We have seen in the preceding chapter that in the 
case of the Metropolis, the Eeferees found that the density 
varied from 7*3 persons to 253 persons per acre, accordingly 
as the districts examined were of a suburban or an urban 
character. According to a table prepared by Sir J. Bazalgette,* 
the population per mile of sewer in the Metropolis in 1884 
was 1,800. In a rural district drained under the super- 
intendence of the author, the population amounted to about 
400 per mile of sewer. These wide limits do not admit of 
an average being struck; the street- water must, therefore, be 
estimated for in each particular case. 

Drainage from Impermeable Areas.-— The water falling 
upon the impermeable strata sometimes forming the site of the 
town must also be dealt with, and its volume can be estimated 
only when the physical characteristics of the particular case 
are considered. 

*Min. Proc. Inst. C.E., vol Ixxvi., 1884. 
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The aathor gauged the volume of water flowing from a 
large clay district forming part of the Wandle Watershed 
during the years 1879-81, and was fortunate in being able to 
include in the returns the results due to the exceptionally wet 
3'ear 1879. The largest flood discharge amounted to slightly 
less than 26 cubic feet per minute per acre. The area was but 
sparsely occupied by buildings. 

The Government Referees on gauging the Metropolitan 
sewers on the morning of the 20th June, 1857, when '9 inch of 
rain fell between 12 midnight and 1.45 a.m., found that the 
Norfolk Street sewer discharged 3*05 cubic feet per minute 
per acre, while the Savoy Street sewer discharged as much as 
20*50 cubic feet per minute per acre ; in both cases the figures 
refer to the maximum discharge. 

As a general result of the observations in relation to the 
sewage flow in the Metropolitan sewers, the Referees suggested 
that the proposed intercepting sewei-s should be capable of 
carrying off '05 inch of rain per hour, from the urban districts, 
during the period of maximum sewage flow. The density 
of population in the urban districts was estimated at about 
80 per acre. 

The Metropolitan sewers, as constructed, contemplated the 
removal of the sewage produced by a prospective population of 
3,413,000 persons, with a discharge of 5 cubic feet per head 
per day, to which was added a rainfall of '01 inch per hour in 
the urban and one-half of that quantity in the suburban 
districts. 

The total volumes to be removed were — 

Sewage, ..... 106,623,000 gallons per diem. 
RainfaU, .... 324,694,000 



Total, . . . 431,217,000 



*t >f 



99 f > 



It should be mentioned that, as a proportion only of each 
fall of rain reaches the sewers, the estimate of '01 inch per 
hour (really J inch per day) was based on the assumption that 
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with a rainfall of '40 inch per day, five-eighths only of the 
total volume would reach the sewers, the remainder being 
absorbed, evaporated, or utilised. 

Storm-waters. — It was found from the records of rainfall 
that there were only from 14 to 21 days in each year, on the 
average, when the daily fall exceeded a quarter of an inch, and 
in this connection Sir J. Bazalgette* said, " if we can divert 
the sewage from the river in dry weather altogether on all 
those days excepting the 14 to 21, according to the season (a 
very wet season has been 30 days), we shall sufficiently divert 
the sewage from the river to make it clear." 

It is not proposed to consider the question of rainfall as 
affecting the size of outfall sewers, in this work, but rather as 
affecting the operations connected with the treatment of the 
sewage ; and it is obvious from a consideration of the fore- 
going details that some means must be adopted to relieve the 
sewage disposal works from volumes of water, ten to thirty 
times in excess of the normal rate of sewage flow. The rain- 
water, or at least a part of it, must be diverted into the 
natural water-courses without passing through the sewage 
works. Whether the sewage sewers are used for relieving the 
excess by means of storm-overflows, or a separate set of rain- 
water sewers is provided, the end to be attained is the same, 
the means only differ. 

The principal objections to the separate system, or pro- 
vision of sewers in duplicate, are raised on the score of economy 
on one band, and on the fact that in urban districts where there 
is great vehicular trafiic, the first washings of the streets are 
very foul, and on analysis may show the presence of as much 
putrescible organic matter as sewage itself. But it must be 
conceded that the sewage would be the more dangerous liquid 
to mix with water used for drinking purposes, since it might 
contain the dejections from persons suffering from typhoid 
fever or other zymotic diseases, which are known to be com- 
municable to persons drinking the polluted or infected water. 
BoycU Commission on MetropolUan Setoage Disdiarge, Q. 9. 
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All the sewage of those towns situated upon rivers which 
supply water for domestic purposes should, therefore, be 
purified to the fullest extent practicable ; and, in those 
cases, the passing of flood waters through the sewers, in 
order that they may be discharged by means of storm- 
overflows into the nearest available water-courses, cannot be 
in accordance with the principles of sanitary science, if the 
water so discharged mixes with that which may be used for 
domestic purposes. 

In cases where it is desirable to admit the first scourings 
from the streets into the sewers, a simple weir arrangement 
may be constructed as shown in Baldwin Latham's Sanitary 
JEngineering, page 48 (2nd edition). When the volume of 
water passing down the storm-water sewer — which sewer is 
some feet higher than the sewage sewer — is small, and is 
probably very foul in character, as at the commencement of 
rain after a period of drought, or when the surfaces of the 
streets are artificially washed with small volumes of water, 
the polluted liquid passes down a small opening communi- 
cating with the sewage sewer; but, when the volume increases, 
and the water is consequently in a comparatively unpolluted 
condition, it is, in consequence of its higher velocity, projected 
across the opening, and, falling into the storm- water channel, 
is conveyed to the river. 

In the case of the Metropolis, the separation of rain-water 
from the sewage would, as Sir J. Bazalgette stated, "involve 
the redraining of every house (400,000 in number). You 
must put a drain into the house to take the sewage from the 
water-closets and the sinks, in fact, from the inside of the 
house, and you must carry the water from the roof by another 
drain, separating the two from each house from the very com- 
mencement. Now putting that reconstruction of all the 
drains of all the houses at £20 per house upon the average, 
would make £8,000,000 to begin with in the house-drainage. 
Then it is not merely a question of money, but I think you 

would have a very powerful resistance to any such proposal. 

4 
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I think that every house in London having to be redrained 
would, both on account of the expense and of the immense 
disturbance that would arise from it, be very strongly objected 
to. Then that is not all. You would have to use the present 
system of sewers for the storm-water, and to lay an entirely 
separate set of sewers through the streets for the sewage, 
with pumping establishments, and so forth. That, we came 
to the conclusion, could not be done, that, as applied to 
London, was an impracticable suggestion." 

The excessive volumes due to rain are allowed to escape 
into the river by means of 48 storm-overflows, while, for the 
relief of certain low-lying districts, there are three auxiliary 
pumping stations for the purpose of lifting the storm-water 
when the overflows are closed by high tides. 

With regard to these means of disposing of the storm- 
waters, in their Report, the Royal Commissioners on Metro- 
politan Sewage Discharge, 1884, observe — 

" The weakest points of the present system are, the necessity 
for a large provision of storm outlets, and the discharge of the 
sewage in its natural crude state. 

" The storm outlets are a necessary consequence of the limited 
general capacity of the intercepting system, and of the sewers 
having to carry off the sewage and the storm-water combined. 
The question of capacity was argued at much length before the 
present designs were adopted, as will be seen in our historical 
notice. The Government Referees urged that a larger system 
would be necessary, but the advisers of the Metropolitan 
Board considered their proposals needlessly expensive. 

" The objection to the capacity has been renewed in evidence 
before us. Some of the complainants' scientific witnesses have 
expressed the opinion that the provision for interception is too 
limited, and that, consequently, the discharges from the storm- 
overflows within the Metropolis are already more frequent and 
larger in amount than they ought to be ; an evil which, if it 
exists at present, must increase as the population extends. 
" It is asserted that there is an error in regard to the estima- 
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tion of the rainfall to be provided for. For even assuming 
there were only 14 to 21 days in the year in which over a 
quarter of an inch of rain fell in the 24 hours, there would be 
more than that number when the rainfall would exceed one- 
eighth in 12 hours, or one-sixteenth in 6 hours^ either of which 
would tend to produce overflow. 

" These allegations are denied by the scientific witnesses of 
the Metropolitan Board, who contend that the system, with 
the proposed addition, aflbrds ample provision, not only for 
the present, but also for the prospective drainage. 

" We cannot, however, lose sight of the important fact, that 
an expenditure is now going on of the large sum of £1,500,000 
for additional 'relief sewers* with storm-overflows discharging 
within the Metropolis. 

" We are of opinion that the discharges of sewage from the 
storm-overflows, within the Metropolitan area^ are frequent 
and considerable, and that they are occasionally of very offen- 
sive character." 

*^Mr, Phillips, formerly surveyor of the Metropolitan sewers, 
states that * there are hundreds of miles of sewers now in the 
Metropolis in which the sewage does not flow at the velocity 
(2J feet per second) necessary to prevent the sewage matters 
from depositing, and which are called deposit sewers.' In 
these and many other sewers large accumulations take place 
in dry weather; and when sudden heavy rains occur, as in 
thunderstorms, great masses of filthy material are washed out, 
and, as the intercepting sewers are gorged by the sudden rain, 
find their way by the storm outfalls directly into the urban 
reaches of the river. . . . 

** It is probable the noxious matters which these discharges 
contain are so speedily oxidised and destroyed by the fresh 
river-water as to become inoffensive and imperceptible. But 
in this process the free oxygen is abstracted from the water, 
which is thus rendered less capable of acting efficiently on the 
larger sewage discharges met with below. . . . 

" But though the storm discharges are locally offensive and 
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disgusting at times, there is no evidence of any injury or 
serious inconvenience resulting from them above the reach of 
the influence of the main outfalls." 

The history of the working of the Metropolitan main- 
drainage system in times of heavy rainfall is most valuable, 
and although the original estimate of the Government Referees, 
even, has been exceeded, the carrying out of the work in detail 
from time to time as the exigencies of the case demanded, may, 
on close examination, prove to be in the end the most 
economical mode of draining such an enormous city as London 
has now become. 

Drainagre of Suburban Districts.— In regard to such dis- 

dricts, true economy may best be observed by constructing 
small sewers for the sewage, and for a small proportion of the 
rainfall only. In such districts, means, such as old covered or 
open water-courses, or old and often badly-constructed sewers, 
are always in existence for the disposal of rain-water, and it is 
the practice of, possibly, all engineers in this country to sewer 
suburban or rural districts in accordance with these principles. 

With respect to the volume of rain-water to be admitted 
to the sewage disposal works with the sewage proper, no 
definite rule can be laid down. The question must be con- 
sidered in conjunction with the requirements of each particular 
case. The volume of each river, its nature, and the uses to 
which the water is applied, must be accurately examined 
before the final decision is arrived at. 

As an instance of what has been deemed necessary in a 
particular case, it was laid down in the Provisional Order of 

the Lower Thames Valley Main Drainage Board, that pro- 
vision should be made with all such machinery and appliances as 
may be requisite for lifting and disposing . . . " of a volume 
of sewage equal to 250 gallons per diem for each inhabited 
house in the united district." Taking the population of Wim- 
bledon per house as a basis, fairly representative of the united 
district, the volume per head per day would be —^ = 42 
gallons (very nearly). 
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Iq the case of works recently carried out at Eingston- 
upon-Thames, the Corporation have agreed with the A. B. C. 
Company that any excess over 45 gallons per head per day 
shall be diverted into the Thames by means of a storm- 
overflow. 

Where the sewage is disposed of on a comparatively small 
area of land, as by intermittent filtration^ it is of the greatest 
importance to the crops that they should not be subject to 
inundations and submersion by foul sewage, which has the 
effect of rendering them totally unfit for the market. 

When it is necessary to pump sewage, or when it is 
chemically treated in tanks, the exclusion of as much rain- 
water from the sewage proper is, on the score of economy in 
first cost of works and in the subsequent working expenses, 
an important matter. 

General Conclusions. — The following general conclusions 
may, probably, fairly indicate the requirements of the case : — 

First. — That towns situated on sea-coasts, on estuaries, and 
on rivers, the water of which is not used for domestic purposes, 
may be satisfactorily drained by means of one system of sewers 
provided with storm-overflows. 

Second, — ^That where a town is situated upon a river or 
stream, the water of which is used for drinking purposes, the 
exigencies of the case demand that the best " practicable and 
available'* means shall be adopted, in order to render the 
sewage harmless before being admitted to the river. 

Third. — ^That the means for the attainment of this last- 
mentioned object will be most effective when the separation 
of rain-water from the sewage is carried out to the fullest 
practicable extent. 

With regard to the admission of rain-water to the sewers 
for the purpose of flushing, no system can be sanitarily perfect 
which depends for its cleanliness upon the uncertain volumes 
of rain-water which may periodically enter the sewers, since 
in dry weather when flushing is most needed, the means are 
alto<;ether wanting; and unless special flushing tanks are 
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provided and are regularly used, or other means for flushing 
are adopted, accumulations of foul deposits will take place in 
the sewers, which will not only render the sewage putrid and 
offensive, but will be brought to the sewage disposal works 
with the occurrence of the first heavy shower, and most 
probably cause much inconvenience. Moreover, the liquid 
escaping from the storm-overflows on such occasions will 
contain an undue amount of polluting matters in suspension, 
to the possible detriment of the stream into which it is dis- 
charged. 



CHAPTER VI. 



SETTLING TANKS. 



The primary object of the settling tank at sewage disposal 
works is the separation of the suspended matters from the 
liquid sewage, together with a certain proportion of the dis- 
solved impurities. The design of the tank should be such 
as to bring the sewage to rest or nearly so in the shortest time 
practicable, and admit of the solid mattera being removed 
with the minimum of labour. 

Continuous v. Absolute Rest System.— The details will 
to some extent depend upon the mode of treatment of the 
sewage, and whether the "continuous" or "absolute rest" 
method is adopted. In the former case, the sewage is allowed 
to pass continuously through the tank, but the forward 
movement is suflSciently retarded to admit of the solids being 
deposited, while in the latter case a tank is filled with sewage, 
and after a certain period of quiescence the liquid is drawn 
off leaving the solids on the floor of the tank. At first sight 
it would appear that the absolute rest system is the prefer- 
able, since the deposition of the solids would more likely be 
perfectly effected; but after trying both systems, the author 
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found that the continuous system possesses certain advantages 
which more than compensates for the absence of absolute 
rest. 

Cleansing of Tanks.— When a tank has been filled, and, 
afler deposition of the solids, the clarified water has been 
drawn ofiT, the sludge remains on the fioor of the tank, and 
unless this is removed with each operation, the re-admission 
of the sewage is attended with a stirring up of the sludge — 
it is washed in short — and the sewage becomes unduly charged 
with the dissolved matters contained in the sludge. The 
cleansing of the tank after each time of filling is an expensive 
operation. 

When the continuous system is adopted, the sewage quietly 
flows through the tank, or series of tanks, and if the forward 
rate is such that two hours elapse between the time of its 
entry and exit, the suspended solids will be effectively 
removed, provided suitable chemicals have been properly 
used in the treatment of the sewage. In this system the 
tanks should be cleansed at least once in three days, as the 
decomposition of the settled sludge is attended with the 
production of foul gases, principally carburetted hydrogen 
(marsh gas), which causes the sludge to rise to the surface in 
great masses, slowly to subside again on the liberation of the 
gases. The effect of the second admixture of the sludge with 
the sewage is to cause the latter to become very foul, and as 
the lightest and most offensive matters are the last to settle 
and the first to rise again, and as these matters subside near 
the outlet of the tank, the importance of keeping the tanks 
dean cannot be too strongly urged. 

Form of Tanks. — Settling tanks as generally constructed 
in this country are rectangular on plan, and a series of tanks 
of that shape will be very effective if cross walls and fioating 
scum-boards be also used. 

The bottom of the tank should bo segmental in cross- 
section, the width being about one-fourth of its length, whilst 
the longitudinal section should show a fall of about 1 in 80, 
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the deepest end being afc the inlefc ; the sludge will be readily 
removed from tanks constructed in this manner (fig. 2). 



DIAGRAM OF SETTLING TANK. 

Lor^itucfinaf Section. 




Croaa Section, 
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Fig. 2. 

Capacity of Tanks.— With regard to the capacity of the 
settling tanks compared with the total volume of the sewage 
flow, provision should be made for 8 per cent, of the total 
flow per hour. Taking a case where the daily flow amounts to 
100,000 gallons, we must provide for 8,000 gallons per hour 
during the period of maximum flow, and as two hours are 




Fig. 3. — Waller's valves. 

necessary for the deposition of the solids, the tank should 
contain 16 per cent of the total daily volume; but, as one 
tank is necessarily idle whilst being cleaned, a second tank 
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of the same size will be needed, and as some provision must 
be made for ordinary rainfall, a third tank will also be 
necessary, so that, altogether, about 50 per cent, of the total 
dry-weather flow will be the measure of the tank accom- 
modation required. The average capacity of the tanks of 
Birmingham, Burnley, Coventry, and Leicester is 48 per cent, 
of the daily flow. In large works, it will be convenient to 
provide a number of comparatively small tanks, rather than 
three large ones, since in the former case the sludge may be 
more easily removed. 

Valves and Filters.— The tank should be provided with a 
floating-arm outlet-valve for the purpose of drawing off the 
water from the surface, thus leaving the sludge undisturbed 
when it is necessary to empty a tank for cleansing purposes 
(see figs. 3 and 4). 

If the sludge is to be filter-pressed, it is of importance to 
provide at the sludge outlet a grating of about I-inch mesh, 
in order to intercept large substances which might otherwise 
damage the presses. 

Small coke filters are sometimes added to the tanks at the 
outlet end ; these are not necessary if the eflSuent is to be 
applied to land after tank treatment. Further, it is question- 
able if any advantage accrues to the eflBiuent in its passage 
through these filters; indeed under certain circumstances, as 
for instance when the filters are allowed to become very 
filthy, the efiiuent will be deteriorated by this process of 
filti-ation. 

The Kinebiihler Tank. — ^We may now briefly consider an 
entirely different type of settling tank as designed by Herr 
Carl Kinebiihler, in use at Dortmund, and communicated to 
the author by Mr. Emil Kuichling, M. Am. Soc. C.E. 

Experiments upon the flow of sewage through ordinary 
settling tanks showed that the velocity at the surface was 
very considerable compared with that lower down, and Herr 
Kinebiihler determined to try tanks constructed upon an 
entirely different principle (see Chapter on Dortmund). 
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On referring to the diagram of the Dortmund works we 
may see that the tank is of considerable depth, and it is 
circular on plan. The sewage — after treatment with chemicals 
— is conveyed to a large tube fixed vertically in the centre 
of the tank, down which it passes until on arriving at 
the "distributor" it commences its upward course, but at 
a very low velocity. The heavier particles of suspended 
matter at once fall to the bottom, whilst the lighter are carried 
some distance upwards forming a kind of floating filter ; these 
particles of fioating matters constantly aggregate together and 
eventually fall to the bottom also; the clarified water over- 
flows at the top, and is conveyed to the river. A small pipe 
passes down the central tube to near the bottom of the tank, 
and being connected with a pump, the sludge is removed as 
soon as formed. Full details of the system may be found in 
the Chapter on Dortmund. 

Tanks designed on this principle are obviously very much 
in advance, as regards scientific design, of the English tanks ; 
the whole arrangement is so beautifully simple, and the ad- 
vantacres of this form are so obvious that it seems incredible 
that tanks on this principle have not been constructed in this 
country. 

The chief advantages appear to the author to consist in 
(a) small area of ground required for tanks, (6) more equable 
velocity of sewage through the tank and better clarification, 
(c) the sludge may be removed almost as soon as deposited 
without emptying tanks, (d) less tank-capacity is required, as 
each tank may be in continuous use. 

The Essen Tanks* — The settling tanks at Essen are also 
of novel construction. The following details are given in the 
Minutes of the Proceedings Inst C,E., vol. xcvi., p. 397 : — 
"The scheme prepared for the whole town involved the 
erection of four cylinders 7 metres in height above the water- 
line and 42 metres in diameter. The sumps were each to be 
5*8 metres in diameter, and 6*5 metres in depth. It was 
intended that the water should rise 3 metres high in the 
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sumps; and this, added to the vertical rise in the cylinders, 
gave a total lift of 10 metres. For the purpose of the experi- 
ment, one cylinder and one sump were constructed capable 
of dealing with one-fourth of the sewage of the town. The 
total dry-weather sewage flow (exclusive of the sewage from 
Messrs. Knipp's works, which is treated separately) is from 
10,000 to 11,000 cubic metres. The four cylinders were 
estimated to have a joint capacity of 18,000 cubic metres; 
and thus the volume capable of being dealt with per diem 
in the one actually erected was 4,500 cubic metres. After 
experiments, extending over ten months in the course of 
1885-86, which were considered to be favourable, it was 
resolved to adopt this process for the whole of the town, and 
works, costing £12,508, were completed in September, 1887, 
and have been in operation ever since.'' The population is 
said to be 68,000, of whom 11,000 are employed by Messrs. 
Erupp. 

It would appear that experiments with this system were 
first made at Dortmund (see Min. Proc. Inst. C.E., vol. Ixxix., 
p. 412). ''The mechanical treatment of the sewage consists 
in its introduction into a simple apparatus, in the form of an 
upright cylinder about 7 metres (22*96 feet) high, whose 
diameter is regulated by the volume of liquid to be treated 
in a given time. This vessel has certain pipes connecting 
it with a small air-pump, tlie dimensions of which for the 
treatment of 200 cubic metres (44,000 gallons) per diem were 
as follows: — Cylinder, 75 millimetres (2*95 inches) in diameter; 
stroke, 210 millimetres (8*26 inches). It was found practicable 
in eight minutes with this pump to exhaust the air entering 
the receiver in the course of five hours ; so that a similar 
pump, used continuously, would suflice for the daily purifica- 
tion of upwards of 7,000 cubic metres of sewage. Owing to 
the vacuum produced in the receiver, the external atmospheric 
pressure slowly forces up the sewage, together with the 
precipitate, and this mixture undergoes complete separation 
of the liquids from the solids. Then by a syphon-like con- 
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trivance, which is entirely self-acting and continuous in its 
operation, the purified liquid is caused eventually to flow 
away at the top of the vessel." 

The works at Essen are a combination of this apparatus 
with the Dortmund tanks, of which a diagram has been given. 
The arraugennent seems to possess many advantages where a 
limited space, near populous places, is only available for the 
construction of works; or in cases where extremes of climate 
are experienced. 



Fig. 4, — Floatms arni used in settling tankg. 
The engraving above shows a form of flouting arm now 
much used in settling tanks. A sluice-valve regulates the 
volume to be drawn ofl', whilst the hollow vessel near the 
mouth of the floating arm, keeps the mouth submerged to 
the depth of about inches, thus the effluent water is drawn 
off without disturbing the sludge (see £g. i). 
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The following particulars (fig. 5) relate to an ingeniously 
devised weir by Mr. Houghton : — 

The weir consists of a series of flaps, pivotted at their ends, 
and fitting between vertical side frames, placed either against 
the wall of the reservoir in front of the inlet and outlet 
openings, or in a trunk or case placed in the reservoir. As 
the reservoir fills, these flaps are closed successively from the 
bottom upwards by a float which rises at the back. The 
uppermost flap in closing, securely locks the one immediately 
beneath, thus cleaning the contact surface and always bringing 
the inlet flow to the sewage level for the time being. For 
the withdrawal of the effluent the process is reversed. As 
the liquid level falls, the float drops, and each successive flap 
falls over from the top downwards. Direct control of the 
rate of inflow and outflow is maintained by means of the 
ordinary sluices. Stops are provided to prevent any chance 
of the flaps falling forward. 

Fig. 5 shows one of these weirs fitted at the end of a 
tank, T. In the section the float, F, has a projecting frame 
attached below the liquid level, carrying three rollers, the top 
one, C, being the lifting and closing roller, and the two 
beneath, E, E, being easing rollers to prevent the flap just 
closed from moving back before it is securely locked by the 
closing of the one above. The enlarged section (A) shows 
this more clearly, the dotted lines, x, y, showing the path 
taken as the flap falls over or closes, as the case may be. In 
filling the tank, the flap marked 1 is being lifted by roller, C 
(attached to frame on float), and will soon lock flap ^ at J, 
as flap 3 does flap 3 at K, and at the same time thoroughly 
clean the opposite contact surface of any filth or obstruction 
thereon. In emptying the tank, the flap 1 is falling over 
as C descends with float, and, as shown, leaves flap 2 free to 
fall over when the float further descends with the liquid level. 
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CHAPTER VII. 

CHEMICAL PROCESSES. 

darifying Reagents. — ^The purification of sewage by means 
of one or more reagents has occupied the attention of eminent 
chemists since the commencement of the present century; 
indeed, the first patent in connection with this matter was 
taken out in the year 1762 by Deboissieu, since which date 
about 450 patents have been obtained, an enumeration of 
which cannot be entered upon in this work. 

It will be conceded that the solution of the ^'sewage 
problem/' as far as the employment of chemicals is concerned, 
is now placed upon a satisfactory basis, since the vast number 
of failures or negative results which have been obtained in 
the use of chemicals, have served to reduce the question to 
one of comparative simplicity. 

The exact position may be briefly recapitulated in the words 
of Dr. Dupr^,* F.R.S. : — " As regards processes of precipitation, I 
will merely remark that inasmuch as no proportion of chemi- 
cals which can practically be employed will do much more 
than clarify the sewage, the proportion of chemicals employed 
should be kept as low as is consistent with the object to be 
attained, namely, clarification, and that, more particularly, the 
use of large quantities of lime should be avoided." 

In the design of settling tanks, the engineer has at length 
arrived at some definite conclusions as to capacity and general 
arrangement, and it is improbable that any great improvement 
will be made upon some of the best modem works. 

In the disposal of the sewage-sludge, again, the filter-press 
has rendered possible the construction and successful operation 
of works, which, but for its adoption, would have been 
impracticable. 

 Transactiona of (he Sanitary InstUuU of Great Britain, vol. ix., 1887-88, 
1».368. 
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The chemical processes in general use are few in number, 
lime, either alone or in conjunction with other chemicals, 
being most frequently used. 

The Lime Process. — The efficiency of this, as compared 
with other chemical processes, together with the economy 
attending the use of so cheap an agent as lime, must be the 
explanation of so wide an adoption of the process. 

The purest lime should be used — i.e., that containing a very 
high percentage of calcium. Strong limes, such as those 
produced from grey chalk, are not nearly as efficacious as 
those yielded by the upper chalk (flare lime), and by the 
crystalline limestone of Derbyshire and other counties. 

The lime should be thoroughly slaked before being used; 
if possible, the day's supply should be weighed out and slaked 
on the day preceding that of its intended use. Before being 
added to the sewage, it must be reduced to the "milky" 
condition, and this may be accomplished bj^ means of the 
ordinary mortar mill, or better, by the lime-mixer shown on 
Plate 6. The quantity of lime necessary to the volume of 
sewage under treatment can be nicely adjusted by regulating 
the supply of water to the mixer, or, if the endless-chain 
feeding-arrangement be adopted, by varying the speed of 
the chain or the number of buckets. 

If the sewage is pumped, the milk of lime might be con- 
ducted into the pump-well, when in ptissing through the pumps 
it will be thoroughly well incorporated with the sewage ; but 
if the sewage gravitates into the settling tanks, a salmon- 
ladder mixing-arrangement may be constructed in the portion 
of the channel adjacent to the tanks, or a small chamber with 
mechanical stirrers may be constructed. In many cases, suffi- 
cient fall may be obtained at the works for operating a turbine 
by means of the sewage, in order to provide the necessary 
motive power, or the simple but effective " sewage clarifier" of 
Messrs. Bradley, as shown in fig. 6, and in operation at Ilford 
and elsewhere, may be adopted. 

The usual dose is one ton of lime to each million gallons of 
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sewage (I3'68 grains per gallon), but the tendency is to reduce 
the quantity of lime to the smallest effective amount,* since 
an alkaline efBuent mixing with organic matters, such as 
abound in the muds of many rivers, is liable to enter into 
putrefaction of a most offensive nature. Indeed, an excess of 
lime in an effluent may cause it to act as a precipitant of the 
suspended organic matters present in the river-water, thus 
producing deposits which in hot weather become exceedingly 
offensive. The most notable example of the unsuitability of 



Fig. 0. — Bradley's sewage clarifier. 
the lime process in certain cases is that of Leicester. The 
effluent water falls into a comparatively small and very 
sluggish river, and in hot weather, in consequence of 
"secondary" or deferred-decomposition setting up and creating 
a nuisance, a very large area of land (about 1,375 acres) is now 
being prepared for sewage disposal. In this case, however, 
lime has merely failed in company with possibly every pro- 
minent chemical process known. 

*Dr. Tidy recomroendB "not lew than 10 graina per galloD to » sewftga 
thkt doea'not exMei 30 gollona per head."— Journal Soekt!/ o/ArIt, 1836. 

6 
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Iq towns such as Wolverhampton, Sheffield, Birmingham, 
and others, in which the galvanising of iron goods and the 
manufactures generally yield abundance of acid metallic salts 
to the sewage, the lime process might, ''if judiciously managed, 
produce excellent results" (Grookes). Fui*ther reference to 
Birmingham will be made in the proper place. 

In many modern sewage works the effluent from the settling 
tanks is made to fall over a series of stei)s, the aeration thus 
attained tending to neutralise its alkalinity by absorption of 
carbonic acid from the atmosphere, whilst any oxygen absorbed 
becomes available for the micro-organisms, which are now 
known to play an important part in the final purification of 
sewage (see p. 81). 

Lime and Chloride of Lime. — This process has been in 
operation at Hertford, where, in consequence of leakage of 
subsoil- water, the sewage is very weak. Dr. Tidy* speaks 
favourably of the process, and stated that one-third of a 
grain of chloride of lime per gallon of sewage prevented the 
growth of sewage fungus. Further, " my experience enables 
ma to speak favourably of the employment of chloride of lime 
with lime, especially in hot weather. About 56 lbs. per 
million gallons of sewage will be found, as a rule, fully suffi- 
cient for a sewage represented by 30 gallons per head of the 
population." 

Hill6 Process. — The formula for the mixture in this process 
is lime 100 lbs., gas-tar 3 lbs., chloride of magnesium 17 lbs., 
made into a paste with 180 lbs. of water. The proportions to 
be varied if necessary. This process was tried at Wimbledon 
(1870-76), but being found to be not more efficacious than 
lime, its employment ceased. At Edmonton the process was 
in operation for some years, but has been superseded by land. 

The dose necessary *' varies from ^ lb. to 1 lb. of paste per 
100 gallons " {Tidy). The smaller dose supposes subsequent 
filtration of the effluent. 

Lime and Sulphate of Alumina.— This process has been 

* Journal Society of Artff 1S86. 



LIME AND SULPHATE OF ALUMINA. 67 

employed at Wimbledon, and will be further referred to in 
the chapter descriptive of the Wimbledon works. 

Dr. Tidy * says of this process, " My experience leads me to 
speak very highly indeed of the combined use of lime and 
sulphate of alumina. The quantity of lime, which is to be 
added first, should be such as to render the sewage faintly 
alkaline. Probably at the rate of from 5 to 7 grains per 
gallon will be needed for this purpose. It should be added as 
milk of lime, and should be thoroughly stirred in by means of 
a paddle-wheel, or other efficient mixer. A flow of a few 
yards should now be allowed, to permit the aggregation of the 
precipitate. This having taken place, a solution of crude 
sulphate of alumina is to be added, and the sewage again 
actively stirred. In the alkaline condition of the sewage, the 
alumina will be precipitated, and will then combine with a 
portion of the organic matter, forming together an insoluble 
precipitate. Thus treated, the sewage should be allowed to 
flow into tanks for the precipitated matters to collect." 

Dr. Angus Smith, F.R.S., has devoted a considerable amount 
of attention to the question of aeration of sewage, and the 
summary of his experiments is given in a Report to the Local 
Government Board, 1882, page 51 : — 

•* In all cases putrefaction is delayed by aeration. The 
oxygen recovers itself in the aerated specimens better than in 
the non-aerated. Nitrates are formed more readily in the 
aerated than in the non-aerated specimens. 

" * Ammonia is lost by agitation, but specially by the previous- 
addition of lime. The amount of lime added was '171 gr. per 
litre, or 12 grains to the gallon.' 

"When mechanical means for effecting aeration are neces- 
sary, the aquarium or jet-system is found to be most efiective,. 
since the air is injected into the liquid in finely divided 
particles. 

"A portion of the lime will be at once converted into car- 
bonate of lime, by combining with the carbonic acid present in 

* Journal Society of Arte, 1886. 
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the sewage, and serve as a weighting material to aid in the 
deposition of the lighter flocculent materials. This mechanical 
action of the lime carbonate is of great importance. The 
flocculent suspended matter is no doubt one of the most 
important materials to remove, because it is this ingredient 
of the sewage which readily putrefies, and in this way causes a 
nuisance. 

" It is moreover so light that unless weighted it is difficult 
to precipitate. A second portion of the lime combines with 
some of the organic matter in solution producing an insoluble 
precipitate (of uncertain composition) of a compound of lime 
and organic matter, the subsidence of which is again assisted 
by the formation of the carbonate of lime previously described. 
A third portion of the lime renders the sewage faintly alkaline. 

"The alumina salt is now to be added. The alumina is 
precipitated, owing to the alkalinity eflfected by the slight 
excess of lime. This alumina combines with some of the 
organic matter in solution, not precipitated by the action of 
the lime. The power of alumina in combining with dissolved 
organic matter, and so removing it from solution, is taken 
-advantage of in many commercial processes.'* 

In experimenting with London sewage, Mr. Dibdin* found 
that, as in the case of iron salts, the percentage reduction of 
■dissolved organic matter was not materially increased by the 
use of sulphate of alumina beyond that due to the lime alone. 

When the effluent is applied to land in close proximity to 
houses, as at Wimbledon, it is of importance that it should not 
be liable to deferred decomposition, and this condition is in 
great measure attained by the use of sulphate of alumina. 

Lime and Phosphoric Acid. — In the patent of Mr. Forbes, 
F.RS., and Dr. Price, an acid solution of native phosphate 
of alumina is employed, either with or without lime. The 
phosphate of alumina, as procured from the West Indies, is 
said to consist of 38 per cent, of phosphoric acid, 25 per cent 
alumina, with about 2'5 per cent, of peroxide of iron (Tidy). 

* Minutes Proceedings Institution of CivU Engineers, voL Ixxxviii., 1887. 
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This natural production is submitted to the action of sul- 
phuric or muriatic acid, by means of which the phosphates 
are converted into a soluble condition. Dr. Tidy experimented 
with London and with Coventry sewage, employing 33 grains 
of phosphatic material dissolved in an equal weight of com- 
mercial sulphuric acid, in the treatment of each gallon of 
sewage. 

Dr. Tidy * says — '* The eflOiuent was clear and without smell, 
much soluble organic matter being removed. The process, 
however, is peculiar in this respect, that if no lime be added 
after the precipitating material, much soluble phosphate will 
remain in solution. The effluent may then be used for irriga- 
tion, no nuisance being likely to result from the use of the 
clarified water, the manurial value of which will be consider- 
able. In other words, we strengthen (the patentees would say) 
the manurial value of the sewage, and purify it by the same 
operation." 

With regard to the application of the process, the patentees 
say, " Whilst the sewage is contained in a cistern or reservoir, 
or whilst it is in the act of flowing thereinto, the requisite 
amount of the soluble phosphates of alumina is to be added 
thereto, and after thorough admixture with the sewage by the 
use of agitators, or other well-known means, the sewage so 
treated may be allowed to remain tranquil in the reservoir in 
order that subsidence of the resulting precipitate may be 
effected, or after having added to the sewage the requisite 
amount of the soluble phosphate of alumina, lime (by pre- 
ference in the form of milk of lime) is to be added in such 
quantity as that the phosphates in solution shall be precipi- 
tated. This result will be known by the sewage acquiring a 
neutral or alkaline reaction, or the lime may be firstly added, 
and the solution of the phosphates of alumina added subse- 
quently, but we prefer the former process; or the soluble 
phosphates of alumina may be firstly decomposed by means 
of the lime or carbonate of lime, and the resulting precipitate 

* Journal SocUly of Arts, 1886. 
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may be employed for the purpose of effecting the separation of 
certain constituents of sewage." 

The price of the commercial phosphate of alumina is at the 
present time about £4, 10s. per ton, whilst sulphuric acid costs 
about £1, 15s. per ton, and if any approach to the quantity 
used by Dr. Tidy is necessary, the cost of the process would be 
prohibitive. It was employed at Hertford in the years 1876-7. 

Lime and Proto-Sulphate of Iron (or Green Copperas).— 

This process has been recently prominently brought before the 
public in connection with the Metropolitan sewage disposal 
problem. After making an exceedingly valuable series of 
experiments, and carefully considering the general results 
obtained, Mr. Dibdin, F.C.S., F.I.C., the Board's chemist, 
-finally recommended the use of 37 grains of lime in aolviionj 
fl,nd 1 grain of proto-sulphate of iron per gallon, in the treat- 
ment of the London sewage ; in addition, in hot weather Mr. 
Dibdin proposes to use permanganic acid in order to destroy 
any offensive odour remaining after chemical precipitation. 
The results of the experiments by Mr. Dibdin were communi- 
cated to the Institution of Civil Engineers in January, 
1S87.* In the use of lime Mr. Dibdin was led to suggest 
the use of the minimum dose found to be effective, because 
of the solvent property of lime upon organic mattei-s when 
brought in contact with them. He says — "The use of an 
excessive quantity of lime, while affording a rapid settle^ 
ment of the sludge, and a more or less clear effluent, dissolves 
a by no means inconsiderable quantity of the offensive matters 
previously in suspension, and this is apt to render the last 
state of the liquid worse than its first." 

The reason given for the adoption of the fraction (3*7 
grains) is that it "had so come out from the calculated 
quantities used." It will be observed that this fraction is 
a dose approximation to a quarter of a ton per million 
gallons, which is equal to 3'92 grains per gallon. 

* "Sewage Sludge and its Disposal," J. W. Dibdin. Minutes of the 
Proceedings Inst, C^.,vol. Ixxxviii., 1887. 
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Mr. Dibdin says farther, that "if the whole of the chemically 
effective strength of the lime is to be utilised, it must be in 
solution and not in suspension. Whether this is brought 
about by first adding the lime to the sewage in the form of 
*milk,' and afterwards agitating the sewage for a period 
sufficient to ensure the whole of the lime entering into solu- 
tion, or first dissolving it in water, and then adding the lime- 
water so obtained to the sewage, matters not, the result is the 
same. The point being that the whole of the lime must be 
dissolved. If this precaution be observed, a far less quantity 
of lime will be required to effect precipitation, and a few grains 
of lime will effect as much work as three or four times the 
quantity when used in the usual form of 'milk of lime/ 
without sufficient subsequent agitation of the sewage.*' 

With regard to the process generally, the following passage 
occurs in the Report of the Metropolitan Board of Works, 
1887. — " Careful experiments made, first with small and after- 
wards with larger and larger quantities of sewage, showed 
that chemical precipitation of the matter held in suspension 
could be satisfactorily effected by adding to the sewage, certain 
proportions of lime and proto-sulphate of iron, and then 
allowing it to remain for an hour or two in settling tanks. 
The Board submitted the results of the process to four in- 
dependent chemists of the highest standing, viz.. Sir Frederic 
Abel, Dr. William Odling, Dr. A. W. Williamson, and Dr. A. 
Dupre, one of whom (Dr. Williamson) was a member of the 
Royal Commission of 1882. Those gentlemen advised that 
the method of precipitation adopted was a good one, and that 
it produced a fairly clear liquid, but that it left a sufficiently 
unpleasant smell to prohibit the effiuent water being dis- 
charged into the river during warm weather at all states of 
the tide. It appeared, in fact, that the clarification of the 
sewage would not be sufficient to insure complete immunity 
from smell arising from secondary fermentation and fresh 
development of offensive gases in hot weather. Such im- 
munity, however, it was deemed desirable to attain. 
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"The Royal Commissioners seem to have been of opinion 
that the only effectual way of attaining it was, after pre- 
cipitation of the solid matter, to further purify the liquid by 
a process of filtration through earth, and they advised that 
such a process of filtration should be adopted if it were 
decided to discharge the sewage effluent into the Thames 
in the neighbourhood of the present outfalls. 

"The acquisition of sufficient land, however, in the neigh- 
bourhoods of Barking and Crossness, to enable the vast 
quantity of London sewage to be effectually filtered through 
soil, was found upon examination to be attended with such 
great difficulty, to say nothing of cost, that the Board 
conceived it to be its duty to endeavour, under competent 
advice, to find some other method sufficiently effective to 
obviate the necessity of earth-filtration. "What was required 
seemed to be an oxidising agent, which should not only effect 
the immediate destruction of any offensive odour still re- 
maining after chemical precipitation, but which would at the 
same time prevent the development of noxious gases. It was 
found that permanganic acid was effectual in accomplishing 
both these objects. . . . The Board again sought the 
opinion of the four eminent chemists who had advised upon 
the method of precipitation. They all, after careful observa- 
tion of the experiments made, gave it as their opinion that, 
if the liquid resulting from precipitation with lime and proto- 
sulphate of iron were subsequently treated with manganate 
of soda and sulphuric acid, it would be deodorised and purified 
to such an extent as to render its discharge into the river 
unobjectionable at all states of the tide/' 

It appears from the Report that, in 1877, the quantities 
used were — of manganate of soda 2,173 tons, and of sul- 
phuric acid 865 tons. 

In a letter to the author Mr. Dibdin states that, in order 
to obtain the best results, "the manganate is first dissolved 
in water, thus making a green solution of manganate ; sul- 
phuric acid is then run in, in quantity sufficient to give the 
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solution a strongly or distinct acid reaction to test-paper. 
The acid run in will convert the green colour into the well- 
known red one of the j>er-manganate, which is the substance 
actually required/* 

Messrs Tennant & Co. of Mincing Lane now supply the 
material ready prepared for use under the name of "Ozo," 
quantities of which have been used at Wimbledon by the 
author with excellent results. Mr. Gordon, MJnstC.E., has 
also tried the manganate at Leicester, after first treating the 
sewage with about 16 grains of lime per gallon. He found 
that "the application of from 1 grain to IJ grain of 
manganate of soda, with about f grain of sulphuric acid, per 
gallon to the effluent before it passed into the river, practi- 
cally stopped further decomposition in the river, and satisfied 
the complaining local authorities." The conditions at Leices- 
ter are exceedingly trying as regards any process, since in 
very dry weather the sewage effluent greatly exceeds the 
volume of the river, which is canalised, thus adding to the 
difficulties of the situation. 

Lime and Black-ash Waste.— In this process the black- 
ash waste, produced in great abundance at alkali works, is 
prepared by Mr. Hanson, and used in conjunction with lime. 
When tried at Wimbledon the results were not encouraging, 
as the sludge was greatly increased in quantity, whilst the 
effluent was not appreciably affected. 

Professor Corfield * mentions this process as being in opera- 
tion at Ley ton and at Tottenham, with good results. "At 
Tottenham . . . black-ash waste is used. We took a 
sample of the effluent from the tanks, and found it to contain 
20 parts per million of free ammonia, and 8*6 parts per million 
of albuminoid ammonia. Although this effluent is similar in 
composition to a weak, crude sewage, and has been kept in an 
open bottle for over a month, no putrefactive changes have 
taken place in it. Its sediment has contained, during the 
whole of the period, numbers of infusoria, which are as abun* 

* Trt<Ument and UtilUcUi<m o/Sewage, Trd editioD, 1S87, p. 4rQ, 
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dant and active uow as on the day the sample was taken. It 
thus appears that although black-ash waste may prevent the 
formation of putrefactive organisms (Bacteria) when used in 
sufficient quantities, it does not interfere with the growth of 
those microscopic organisms, which, by feeding on organic 
matters, are capable of purifying foul watei-s, without the 
production of foul gases of putrefaction** {loc, dt.), 

A large amount of information regarding waste from alkali 
works may be found in the Report to the Local Government 
Board, 1882, by Dr. Angus Smith, F.R.S. A great number 
of reagents — other than those referred to — have been employed 
with lime, but the list cannot be further examined in this 
work. It is doubtful if any great improvement upon the 
processes described will be found. 

A. B. C. Process. — In this process a distinct departure is 
made from those in which lime is used. The materials have 
been varied from time to time, but the mixture consists, as 
a rule, of alum, charcoal, or refuse from prussiate of potash 
works, and clay. Blood was at one time employed, but is 
■not found to be necessary. 

The clay and charcoal ai-e fii*st ground together in a mortar- 
mill, and are then added to the sewage, sufficient water being 
used in the mill to cause the mixture to flow to the sewage, 
the alum is dissolved and the solution is also added to the 
sewage. * " Here, now, were two imperfect processes ; on 
the one hand, sulphate of alumina, or some analogous salt 
which clarified but did not perfectly deodorise, and gave a 
precipitate which was apt to rise up ; on the other hand, 
clay and charcoal, which deodorised but did not clarify, and 
which, per se, remained floating in the liquid with their cargo 
of impurities. But put these two classes of bodies together 
and combine their action, and the 'sensational * A. B. C. process 
resulted.** 

In the original specification, the patentee, Mr. Sillar, states 

• W. Crookes, F. R. S., Mlnuies of the Proceedings JnHUution of Civil 
Enginttrs, voL xlviL, 1877. 
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that for the treatment of ordinary sewage the following in- 
gredients should be employed — 



Alum, 

Blood, 

Clay, 

Magnesia, 

Manganate of potash, 

Burnt clay, 

Chloride of sodium, . 

Animal charcoal. 

Vegetable ,, 

Magnesian limestone. 



600 parts. 
1 



1,900 

5 

10 

25 

10 

15 

20 
o 



»» 



)» 



)> 



t » 



»» 



t» 



l» 



Dose to be employed, 4 lbs. per 1,000 gallons of sewage, or 23 grains per 
gallon. 

In the paper by Dr. Tidy, printed in the Journal of the 
Society of Arts, of October 8, 1886, the details of the quan- 
tities used in treating the sewage of different towns are given, 
which varied from 28 grains per gallon at Leicester in 1868 
to 224 grains per gallon at Crossness in 1873. An unusual 
quantity of sludge is produced in consequence of the use of 
insoluble precipitants in large quantities, but it is claimed fot 
the system that the sludge thus produced is, when dried and 
ground, an excellent manure, and that its market ptice is 
X8, 10s. per ton. In this respect the A. B. C. process may be 
said to stand alone. 

The process has been in operation at Aylesbury for upwards 
of 10 years, it has been adopted at Wellington College under 
the advice of Mr. Baldwin Latham, M.InstC.E., and towards 
the close of the year 1888 was adopted at Kingston-upon- 
Thames. Like other processes, it has been " tried *' at many 
other places without having been finally adopted. 

Ferozone and Polarite Process.— In this process — which 

is of somewhat recent origin — the introduction of the pre- 
cipitating material, ferozone, is followed by filtration of the 
effluent through a filter containing polarite. 

The following is an analysis of the precipitant by Professor 
Boscoe: — 
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Ferrous sulphate, 26*64 

Aluminium sulphate, 2*19 

Calcium sulphate, 3*30 

Magnesium sulphate, 5*17 

Combined water, 8 '20 

Moisture, 24*14 

Silica, 11*35 

Magnetic oxide of iron, 19*01 



100-00 



Analysis of polarite by Professor Roscoe : — 

Magnetic oxide of iron, 53*85 

Alumina, 5*68 

Magnesia, • 7*55 

Water, with a trace of carbon, . . . . 5*41 

Silica, 25*50 

Lime, 2*01 



100*00 



The process has been in operation at Acton during the past 
eighteen months with satisfactory results. In a report by 
Professor Roscoe, who examined the process in detail, the 
following passage occurs : — 

"Samples of the effluent have been kept in absence of air 
for nearly two months, and have still retained their good 
qualities. They exhibit no trace of putrefactive change, but 
have rather undergone improvement, inasmuch as in most 
cases a slight green growth has taken place, showing that the 
effluent is in a condition to be acted upon by the natural 
influences which will tend further to improve the water whilst 
flowing along a stream/' 

Ferozone has been employed at Wimbledon, the material 
being ground in an ordinary mortar mill, and added to the 
sewage in a semi-fluid condition. When used at the rate of 
about half a ton per million gallons, the deodorisation was 
very effective, but fine particles of the precipitant remained 
suspended in the sewage, and the appearance of the effluent 
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was not good. A small experimental filter of polarite was also 
used, through which the effluent from the settling tanks was 
passed at the rate of 500 gallons per square yard per day, the 
effluent issuing being of the nature described by Professor Ros- 
coe. In order to prevent the suspended matters from passing 
into the body of the filter, a layer of washed sand, 8 inches 
in thickness, was placed upon the polarite, but this became 
clogged and impervious when about 1,000 gallons per square 
yard had passed through, and in order to obviate the expense 
of renewing the uppermost laj^er, the sand was removed and 
good surface soil was substituted, which proved quite satis- 
factory, although frequent surface cleansing was neccessary. 
The filter was constructed by first placing on its fioor burnt 
ballast 6 inches in thickness, upon this a layer of washed 
sand 3 inches in thickness was placed, then a bed of polarite 
and washed sand, mixed together in equal proportions, and 
18 inches in thickness, and, finally, surface soil 8 inches in 
thickness. 

The following description of the process is by Dr. Arthur 
Angell, Ph.D., F.IC.:— 

" Ferozone contains a large proportion of ferrous iron salts, 
and for that reason alone cannot fail to be a powerful chemical 
disinfectant; further than this, however, it contains salts of 
alumina and of magnesia, both of which assist as decolorants 
and precipitants. The remaining part of ferozone is made up 
principally of very finely divided porous magnetic oxide of 
iron, and this serves both as a further oxidising agent, and as 
a weighting material w^hich accelerates the subsidence of the 
suspended matter, and keeps the sludge down as it accumulates 
at the bottom of the tank. 

" The insoluble portion of the ferozone is composed of finely 
powdered polarite, the newly invented material, to which the 
filter beds containing it owe their very remarkable oxidising 
powers ; this powder, therefore, keeps the sludge sweet during 
subsequent disposal, either by pressing or drying, or by both, 
and thus a part of the process which is so offensive at sewage 
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works, where lime forms one of the ingredients used, is carried 
on without committing a nuisance. 

" The ferruginous effluent from the tanks is passed through 
a filter composed of polarite mixed with sand, which will 
filter sewage effluents at the rate of 1,000 gallons per square 
yard per 24 hours, with better results than can be obtained 
by land, which filters about IJ gallons per square yard per 
24 hours; or, in other words, one acre of filtering area con- 
taining a layer of ^ polarite ' will do more efficient work than 
666 acres of land. 

" The value of this discovery can scarcely be over-estimated, 
as by the use of these small but powerfully-active filter-beds, 
it is entirely unnecessary to acquire large areas of land for 
expensive sewage farms; the polarite in these beds never 
requires to be changed, or to be removed, a slight rest of a 
few hours occasionally being all that is needed to effect revi- 
vification, and to admit of the top of the filter being cleansed. 

" The action of the filter bed is entirely independent of any 
property inherent to the polarite itself, which remains the 
same in weight and in bulk after an indefinite amount of 
oxidising work has been done. Polarite is simply a carrier 
of oxygen and a means of bringing about a contact between 
that element and the foul matters in the filtering fluid. It 
derives its oxygen from the air and also from the tank fluid, 
and as these sources are inexhaustible, so also is the life and 
power of the filter-bed." 

Although the author is not in accordance with Dr. Angell, 
as regards the relative efficiency of land and polarite, there 
can be no question as to the value of f erozone and polarite, and 
the entire process may be regarded as an important addition 
to the list of workable methods of sewage disposal. 

Amines Process.— This has been tried at Wimbledon, and 
consists in the employment of from 30 to 50 grains of lime 
per gallon and about 3 gmins of herring brine. The clari- 
fication is very rapid and complete, and a heavy, nearly 
inodorous sludge, which does not become putrescent, is pro- 
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duced. Some samples of wet sludge examined by the author 
only contained 86 per cent, of moisture. So far as could be 
observed, the crops on the sewage farm were unaffected by 
the effluent water from the tanks. The object sought to be 
attained by the inventor, Herr WoUheim, is the complete 
sterilisation of the effluent, and according to reports by Dr. 
Klein, F.B..S., the process is successful in that respect. 
Where, however, the effluent is to be discharged into a chalk- 
water stream from the tanks direct, it would be well to 
ascertain the effect of effluent, which is very alkaline, by 
experimenting on a small scale. 

Chapacter of Effluent Water.— In concluding this brief 
review of the leading chemical processes, it is recognised that 
it may be thought wanting as regards analyses of effluents. 
The experiments of Dr. Tidy* on Aylesbury sewage, of Mr. 
Dibdinf on London sewage, and of other chemists, show that 
sewBge is exceedingly variable in quality, not only as regards 
its daily, but its hourly flow. In many works on sewage 
treatment, analyses, taken from reports of the various scientists 
who from time to time make a brief examination of the 
leading sewage disposal works, are quoted. But, as a rule, 
it is very doubtful if the effluent water sample bears any 
relation to its original condition as sewage, and the degree of 
purification effected in such cases is not indicated by the 
analyses, which may, indeed, be misleading. A visit to a 
sewage works, for instance, may be paid at about ten o'clock 
in the morning; at that hour the nearly pure subsoil water 
which has collected in the tanks during the earlj' morning 
hours is very frequently being displaced by the sewage proper. 
It is obvious that in such cases, analyses of samples of sewage 
and of effluent, which have been collected practically simultan- 
eously, do not afford any information whatever as to the 
general value of a process. 

The object to be attained in the employment of any process 

* Jmimal of the Society of ArU, October 8, 1886. 
+ Min, Proe. Iti9t, of Civ. Enj., vol. Ixxxviii., 1887. 
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is the prevention of river pollution. Whether the process 
is successful or otherwise, an inspection of the river, into 
which the effluent has been discharged day by day during a 
considerable period of time, should clearly indicate, provided 
the examination be carefully made over a sufficient length of 
river, in dry hot weather, when the springs are low, and when 
secondary fermentation, if prevalent, is most active. 

The Report of the Royal Commission on Metropolitan 
Sewage Discharge, 1884, contains the following most sug- 
gestive sentences : — 

"In the first place, no one denies that by any chemical 
precipitation the suspended matters may be almost entirely 
removed, or in other words, the sewage may be practically 
clarified. It is proved that with well devised, not too deep, 
and abundant tanks, so as to allow of complete subsidence 
(which may be well effected in a few hours), a clarified sewage 
may be prepared by precipitation, which will contain less than 
two or three grains of suspended solid matters per gallon. 
And as it is also admitted that the suspended matters are the 
worst causes of pollution and nuisance, it follows that the 
clarification must effect a great improvement. 

" It seems also to be the general opinion that the chemical 
processes in their best form will also have some effect in 
removing noxious matters in solution. It is difficult to say 
how much effect will be so produced. The amount has been 
differently estimated by different persons, and probably it may 
vary at different times, with different kinds of sewage, and 
under different modes of treatment, but it cannot be very 
large. All agree that a considerable amount of polluting 
matter must be left in the effluent. . . . 

" Precipitating processes, though the same in principle as 
those of 30 yeai-s ago, have been greatly improved in detail, 
and when well worked, are effectual where the quantity of 
sewage is not very great, where the sewage can be promptly 
treated, and where there is a running stream into which the 
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effluent can be discharged, in a proportion not exceeding 5 per 
cent, of the supply of fresh water. 

" But the rationale of these processes has apparently been 
but little recognised ; and, indeed, it is only within the last 
few years that scientific knowledge has sufficiently advanced 
to enable us to understand the matter. 

"There are two chief methods by which effete organic 
materials, such as excreta, are got rid of — namely, by fermen- 
tation and by oxidation. Nature, in this climate at all events, 
utilises both these processes, and in the above order. The 
organic molecules of effete matters are first split up by fermen- 
tation (and putrefaction is one kind of fermentation) into less 
complex substances, often of an offensive character, and these 
are subsequently oxidised into inodorous inoi^anic substances. 
The agents by which these fermentations are brought about 
are those microscopic organisms known as bacteria, which 
either themselves set up fermentation or excrete substances 
which act as ferments. Bacteria, or their spores, are present 
everywhere, and, gaining access to sewage, set up fermentation. 
But they require time for their propagation and the setting up 
their resultant fermentation." 

" Now, the whole art of treating sewage chemically, as it 

is termed, is to precipitate and clarify it while fresh (see 

Dr. Tidy's evidence), i.e., before bacterial invasion has so far 

advanced as to set up active fermentation. When this is once 

set up, the results are very * disappointing ' (see evidence of 

Dr. Tidy and Alderman Avery). Precipitation consists in 

producing an ai'tificial precipitate or coagulum in the fluid, 

and this coagulum mechanically entangles and carries down 

the organisms into the sludge. The efiiuent, now freed in 

great part from these, must then be brought as speedily as 

possible under an oxidising influence, either by turning it into 

a stream containing sufficient oxygen to oxidise the organic 

materials, or by applying it to land, where it is also brought 

under powerful oxidising influences. 

'* Should, however, the effluent be kept undiluted, or should 

6 
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it be turned into a stream in too large quantities for the free 
oxygen to deal -witb, tbe organisms or their spores, which 
have escaped in the effluent, multiply, and set up a renewed 
putrefaction. Such effluents, though apparently clear, become 
clouded, and a secondary deposit takes place in them. Bac- 
terial fermentation o£ the cleanest of fluids is always attended 
by clouding and turbidity." 

FsFmentation,— The subject of fermentation is now re- 
ceiving aa increasing amount of attention at the hands of 
scientists, and it is difficult to foT-ecast the results which 
may be attained in the future. Much has been done by 
Pasteur, by Tyndall, and by others, but the subject is even 
now in its infancy. It is difficult to appreciate the enormous 
influence of microbes, which are so inflnitely small, but which 
are so prodigiously prolific, when brought into the presence of 
conditions suitable for their existence. As an example. Dr. 
Duclaux* relates that in examining beer-wort, "M. Pasteur 
once saw two globules increase to eight, including the parent 
globules, in two hours. Thus in twenty-four hours, a single 
one could produce sixteen millions, were it not that, by their 
very multiplication, they end by impeding one another." 
Again, Cohn fc  n . . 

livinfT organisi 
bacteria to att) 
turn, to multi] 
single specimen 
the weight of 
p. 20). Duck 
other microbes 
resolve them ii 
hydrogen, and 
but that "whe 
of organic mat 
oak, of a wor 
by infinitely sn 
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the only, agents of universal hygiene ; they clear away, mora 
quickly than the doga o£ Constantinople or the wild beasts of 
the desert, the remaina of all that has had life." 

Oxidation of Oi^anic Matter.— We may now briefly 
examine the question as to the pai-t played by oxygen. The 
Sixth Report of the Rivers' Pollution Commission contains 
analyses of various waters, from which the following table 
has been constructed : — 



TABLE VII.— DISSOLVED OXYGEN IN WATER. 
Cdbio Imches is 100 Cobic Iscats. 





K»lrine. 


T..™. 


Deep Well. 


■637 1 -725 


-704 


•588 


•028 



The average of the first four kinds, gives as nearly as 
possible, 12 cubic inches in each cubic foot, the Thames 
containing 10 cubic inches only. With regard to the effect 
of oxygen in oxidising organic matters present in polluted 
water, the question was investigated by the Rivers' Pollution- 
Commission, 1868, the results of which investigation may- 
be found in their First Report (Mei-sey and Ribble Basins), 
1870. 

After examining the rivers Irwell, Mersey, and Darwen, 
at different points on their courses, the Commissioners found 
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'267 part of organic carbon and '081 part of organic nitrogen. 
It was then well agitated and freely exposed to the air and 
light every day by being syphoned in a slender stream from 
one vessel to another, falling each time through 3 feet of 
air. After 96 hours it still contained in 100,000 parts *2o0 
part of organic carbon, and *058 part of organic nitrogen ; and 
after 192 hours the undocomposed organic matter still con- 
tained -200 part of organic carbon and "054 part of organic 
nitrogen. The temperature of the air during this experiment 
was about 68° Fahr." Further experiments are described, and 
the following conclusion is arrived at : — " We are led in each 
case to the inevitable conclusion that the oxidation of the 
organic matter in sewage proceeds with extreme slowness, 
even when the sewage is mixed with a large volume of 
unpolluted water, and that it is impossible to say how far 
such water must flow before the sewage matter becomes 
thoroughly oxidised " (loc. cit, p. 21). The question may be 
asked "why aerate sewage, if the oxygen has so small an 
effect?" The answer must be, that certain forms of organic 
matter can be destroyed only by organisms living in the 
presence of oxygen. In order that these organisms may effect 
their purpose, oxygen must be provided for them, otherwise 
their powers will lie dormant, or they may even be supplanted 
by the germs of putrefaction, with a consequent production 
of offensive gases, such as sulphuretted and phosphoretted 
hydrogen, which impart to the mixture the well-known 
putrid smell. 

The experiments on the cultivation of Aspergillus, a species 
of mildew, by M. Raulin,* show the absolute necessity of pro- 
viding suitable food for these low types of plant life. An 
artificial medium was prepared, being composed of a variety 
of substances, among them zinc. The withdrawal of the zinc, 
which formed but -^.Vuir (on^ Jifty'thoiiaandth) part of the 
mixture, had the effect of reducing the crop to yV oi what it 
was in the complete medium. By remaining in the mixture, 
* Fermentation, Dr. Duclaux. Clowes & Son, 1884. 
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the zinc increased the weight of the plant to 700 times that 
of itself. So sensitive is this plant to the action of reagents, 
that the addition to the cultivating medium of T.Tui.iruis (pne 
siateen hundred-thousandth) part of nitrate of silver, caused 
the vegetation to stop suddenly. 

In the chemical treatment of sewage, the chemist should, 
and probably will, be able to indicate what reagent is inimical 
to putrefactive germs, yet not destructive of those ferments 
which complete the destruction of dead organic matters by 
resolving them into innocuous gases and minerals. The subject 
is even now in its infancy, but it is not too much to hope that 
its solution is within measurable distance. 

In the meantime, the choice of a chemical must be decided 
by the requirements of each case ; but the chemical need not 
be an expensive one, it should not be used in large quantities, 
except in special cases, and solutions are preferable to solids, 
since the production of sludge should be kept as low as 
possible. 



CHAPTER VIII. 

THE DISPOSAL OP SEWAGE-SLUDGE. 

This subject was very fully discussed at the Institution of 
Civil Engineers upon the occasion of the reading of papers by 
Mr. J. W. Dibdin, F.C.S., and the author (see vol. Ixxxviii. ; 
Session 1886-7 ; part ii.). 

The papers referred to will be freely quoted in this Chapter. 

Settling Tank Sludge.— There are several methods in 
which sewage-sludge may be disposed of, but it should be 
made clear that the sludge under consideration is that collected 
in settling tanks ; in those cases where the suspended matters 
are carried direct to the land — as, for instance, at Beddington 
and other broad-irrigation farms — the question must be re- 
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garded from an entirely different point of view. The sludge 
under consideration is a black mud composed of the organic 
and mineral matters precipitated from sewage by means of 
chemicals. It usually contains 90 per cent, of water, which 
rapidly becomes exceedingly offensive if not speedily separated 
and dealt with. 

A cubic yard of sludge, according to experiments made by 
the author, weighs practically 16 cwt., so that to convert 
cubic yards into tons, deduct one-fifth, and, conversely, to 
convert tons into cubic yards, add one-fourth. A cubic yard 
of broken cake, as taken from a filter-pi-ess, weighs 12 cwt. 
As percentages of moisture will frequently be referred to, the 
author has prepared a table showing the loss in weight at 
varying degrees of dryness ; also a diagram which shows the 
same thing graphically. The following simple rule was used 
in compiling the table : — 

Let W = the original weight of the sludge. 

„ P = percentage of moisture remaining in the pressed 
sludga 

„ X = weight of the sludge when pressed. 
Then— 

^^ JOW 
lOO-JP 

Example. — ^What will 85 tons of sludge weigh when pressed 

(or dried) to 55 per cent, of moisture 1 10 W=850, and 100— 

850 
P= 100 — 55 = 45, and -j=- = 18*888 tons. Answer required. 

Sludge is frequently referred to by some writers as contain- 
ing 90 to 95 per cent, of moisture ; but there is a most im- 
portant difference in the bulk due to these percentages. 100 
tons of normal sludge — i.6., that containing 90 per cent, of 
water — will consist of 10 tons of solids and 90 tons of water, 
but the solids are sufficient to produce 200 tons of sludge 
containing 95 per cent of water. 
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TABLE Vra.— PERCENTAGES OF MOISTURE REMAINING IN SEWAGE- 
SLUDGE AND OTHER MUDS, AFTER THE ELIMINATION OF 
VARYING QUANTITIES OF MOISTURE. 



Losaof 
Moisture 
percent 


Percent- 
age of 
Moisture 

in Re- 
mainder. 


Weight 
of Re- 
mainder. 


Lomof 
Moisture 
percent 


Percent- 
age of 
Moisture 

In Re- 
mainder. 


Weight 
of Re- 
mainder. 


Lomof 
Moisture 
percent 


Percent- 
age of 
Moisture 
In Re- 
mainder. 


Weight 
of Re- 
mainder. 





90-000 


100 


31 


85-507 


69 


62 


73-684 


38 


1 


89-898 


99 


32 


85-294 


68 


63 


72-972 


37 


2 


89-796 


98 


33 


85-074 


67 


64 


72-222 


36 


3 


89-690 


97 


34 


84-848 


66 


65 


71-423 


35 


4 


89-683 


96 


35 


84-615 


65 


66 


70-688 


34 


5 


89 473 


95 


36 


84-375 


64 


67 


69-696 


33 


6 


89-361 


94 


37 


84-127 


63 


68 


68-750 


32 


7 


89-246 


93 


38 


83-871 


62 


69 


67-742 


31 


8 


89-129 


92 


39 


83-606 


61 


70 


66-666 


30 


9 


89 011 


91 


40 


83-333 


60 


71 


65-517 


29 


10 


88-888 


90 


41 


83-061 


59 


72 


64-285 


28 


11 


88-765 


89 


42 


82-758 


58 


73 


62-962 


27 


12 


88-636 


88 


43 


82-456 


57 


74 


61-638 


26 


13 


88-505 


87 


44 


82-143 


56 


75 


60-000 


25 


14 


88-372 


86 


45 


81-818 


55 


76 


58-333 


24 


15 


88-235 


85 


46 


81-481 


54 


77 


56-521 


23 


16 


88 095 


84 


47 


81-132 


63 


78 


54-545 


22 


17 


87-952 


83 


48 


80-769 


52 


79 


52-381 


21 


18 


87-804 


82 


49 


80-392 


51 


80 


60.000 


20 


19 


87-655 


81 


60 


80-000 


50 


81 


47-368 


19 


20 


87-500 


80 


51 


79-591 


49 


82 


44-444 


18 


21 


87-342 


79 


52 


79-166 


48 


83 


41-176 


17 


22 


87-179 


78 


53 


78-723 


47 


84 


37-500 


16 


23 


87-013 


77 


54 


78-261 


46 


85 


33-333 


15 


24 


86-842 


76 


55 


77-777 


45 


86 


28-671 


14 


25 


86-666 


75 


56 


77-272 


44 


87 


23-077 


13 


26 


86-486 


74 


57 


76-744 


43 


88 


16-666 


12 


27 


86-301 


73 


58 


76-190 


42 


89 


9-090 


11 


28 


86125 


72 


59 


75-610 


41 


90 


0-000 


10 


29 


85-915 


71 


60 


75-000 


40 








30 


86-714 


70 


61 


74-359 


39 
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The following table 13 extracted from the paper by the 
author* already referred to : — 

TABLE IX.— SLUDGE WITH 90 PER CENT. OF MOISTURE 
PRODUCED DAILY PER 1,000 PERSONS, 1886. 



Namk of Tovrx. 



Birmingham, . 
Bradford, . . 
Burton-on-Trent 
Chiswick, . . 
Edmonton^ . 

J^66Clo| • • • 

Leicester, . . 
Wimbledon, . 



Popnlatlon 
Draining 

to 
Works, 

1886. 



490,000 

188,000 

34,500 

20,000 

25,000 

320,000 

132,000 

24,500 



Ordinary Flow 

of SSewage 

in Gallons per 

diem. 



13,000,000 

7.300,000 

4,500.000 

482,000 

900,000 

10,000,000 

r 7,ooo,ooo\ 

I to 9,000,000/ 
700,000 



Chemicals used 

in Grains 

per GhiilozL 



Lime. 



Sul- 
phate of 
Alu- 
mina. 



Sludge per 1,000 
PersouH Pro- 
duced Daily. 



Cubic 
Yards. 



17-4 
16-0 
13 2 
7 
Hill6 
15-68 

19-10 

10-0 



6 



119 
1-20 
1-16 
1-87 
0-55 
0-39 

104 

1-79 



Tons. 



0-95 
0-96 
0-93 
1-60 
0-44 
0-32 

0-83 

1-43 



The quantities at Leeds and Edmonton appear to be abnor- 
mally low, but towns of the same character, such as the first 
three of the table and Leicester, agree fairly well, whilst 
Wimbledon and Chiswick, both which are residential suburbs, 
are in close accordance. 

The table on p. 89 gives some further details, and as presses 
are used in each of the towns tabulated, the returns are likely 
to be quite accurate. 

The quantity yielded per million gallons at Wimbledon is 
the average of the past two years, and is less than in the 
table accompanying the paper by the author, smaller quanti- 
ties of lime being used both in precipitation and in pressing 
than formerly. 

* " Filter Presses for the Treatment of Sewage-Sludge." — Miru Prcc, ImL 
C.E., voL Ixxxviil, 18S7. 
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TABLE X.— DETAILS OP SLUDGE-PRESSING. 



Towa. 



Brentford, 



Chiswick, 



Coventry, 



Cri 



Croydon 
Rural 
Sanitary 
Authorityi 



Leyton, . 



Wimbledon, 



Popa- 

UtlOD. 



12,000 



20,000 



45,000 



22,000 



43,000 



24,500 



Process. 



Lime and alum, 



»» 



>» 



Lime and iron, 



Lime & black 
ash, • . . 



Lime and alum. 



So 

i a 



TonB. 
8*16 



7-788 



8-5 



7 3 



3-5 



10-99 



8-25 






04 



Cwt. 

1-730 



2-184 



2-77 



1*650 



2-410 



2-44 



•a o 









2 li 



5 



2 5 



3 Ot 



1 8 



2 5 



Authority. 



Lacey 

( Hether- 
\ ington. 

f Codding 
\ ton. 



Chart 



Dawson 



Crimp 



Bemarks. 



( Sold £10 per 
\ annum. 

Taken by 
farmers. 

Sold at Is. 
per too. 



Last six 
months* 
produce 
sold, £25; 
sewage not 
chemically 
treated. 

{Pay farmers 
to take it. 

Part sold, 
part used 
on Board*8 
land. 






The figures relating to Crossness are taken from the Report, 
Metropolitan Board of Works, 1887, in which it is stated 
that 3*7 grains of lime in solution and I'O grain of sulphate 
of iron were used per gallon for nine million gallons of 
sewage daily. The sludge-cake produced per million gallons 
is about nine-tenths of the average of Brentford, Chiswick, 
Coventry, and Wimbledon. Tlie quantity at Leyton is high, 
probably because of large quantities of insoluble black-ash 
waste being used in treating the sewaga As sludge-cake 
generally contains a little more than 50 per cent, of moisture, 
it will be a very close approximation to the facts of the case 
to say that with the lime and alum process, the pressed sludge 
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will amount to 8 tons per million gallons, equal to 40 tons 
of sludge as swept from the settling tanks. 

As one-half of the pressed cake consists of water, the dry 
fiolids are equal to 4 tons per million gallons, or 63 grains per 
gallon very nearly. 

Wliere sewage is diluted by leakage of subsoil-water into 
the sewers, the yield of solids per million gallons will neces- 
sarily be modified, and the above-mentioned data will not be 
applicable. 

Modes of Disposal. — The first step towards the disposal of 
sewage-sludge is the separation from the solids of as much 
water as possible in the shortest practicable time, in order, 
first, that the bulk may be reduced, and, secondly, that time 
should not be given for the production of the foul gases of 
putrefaction. 

As Manure. — The manurial value of sludge is now admitted 
to be low, and, except in a few isolated instances, sludge is 
recognised as a material to be got rid of in the cheapest 
manner. 

There can be no question that sludge does possess some 
manurial value, and the experiments by Dr. Munro, by Col. 
Jones, and by the author, show that it is of about the same 
value as farm-yard manure, weight for weight. Indeed, Dr. 
Munro is inclined to think that when properly dried and 
pulverised, a manure may be produced from sewage-sludge 
worth considerably more per ton than farm-yard manure. 

At many sewage disposal works, the preliminary step of 
separation of the liquid from sludge is partially accomplished 
by depositing the material upon filter beds, composed of town 
ashes as collected from dust-bins. This method was at one 
time in operation at Wimbledon, but houses existed within a 
distance of 150 yards from the sludge-pits, and a main road 
to London was even nearer. With a rapidly increasing 
population, and a corresponding augmentation of the volume 
of sewage and sludge, it became imperative to take steps to 
remedy what would soon become a formidable nuisance. The 
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sludge was swept from the settling tanks into large filter?, 
composed of sifted ashes, well under-drained ; ashes collected 
from the ash-bins were also mixed with the sludge, and when 
the compost was sufficiently solidified, it was carted on to the 
land and ploughed in. Careful observation of the drains, 
however, proved that small quantities only of highly polluted 
moisture passed through the filters, and that, it is needless to 
point out, was of a most foul description, by far the greater 
portion of the water passing away by evaporation; conse- 
quently, during wet periods, when the atmosphere was fully 
charged with moisture, the drying process was much retarded* 
For instance, after exposure of the sludge in these filters, from 
September, 1883, to March, 1884, a period of upwards of six 
months, the sludge still contained about 77*5 per cent, of 
moisture, being in a sloppy and very ofiensive state. The 
rainfall during that period was 12 inches. Exposure of sludge, 
deposited in the filters from April, 1884, to September, 1884, or 
for five months, resulted in the material drying down to 71*27 
per cent, the rainfall having been 7*71 inchea 

The cost of carting this sludge an average distance of 450 
yards was 2s. 1 Jd. per ton ; this sum included labour, horee- 
hire, wear-and-tear of plant and of roads ; the cost may appear 
to be high, but it must be remembered that, in its sloppy state, 
i ton only can be conveyed in ordinary carts, and there was a 
considerable amount of wear-and-tear on the roads. The cost 
of spreading as a top-dressing was IJd. per ton. 

The system can only be described as an exceedingly offen» 
sive one, and only applicable in those cases where the works 
are remote from dwellings, and from highways. 

As Clinkers. — At Ealing, the method of disposal is the 
same as that formerly in operation at Wimbledon, up to the 
point where the removal from the filter-beds takes place, when 
instead of being carted to the land, the mixture is burnt in 
one of Fryer's " Destructors." It was stated by Mr. C. Jones,* 
in the discussion upon the papers by Mr. Dibdin and the 

*Min, Proc Inst, C,R, vol. Ixxxviii., 1887. 
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author, that he found no difficulty in getting rid of the 
mixture of refuse and sludge by means of the '* destructor," 
the mass being reduced to clinker one-fourth the bulk of the 
original. A special " muffled furnace " was found to be 
necessary in order to destroy the gases generated on their 
passage from the furnaces to the chimney shaft. The process 
of drying in the open filter-beds is, however, an exceedingly 
offensive one, particularly in hot weather. 

At Salford, sludge has also been destroyed in furnaces, and 
further reference will be made to the process in Chapter X., 
descriptive of the Salford works. 

As Cement. — Scott's process is also one of calcination, the 
manufacture of Portland cement being one of the objects 
sought to be obtained. It is unlikely that the process will 
be widely adopted in this country, where raw materials 
suitable for the manufacture of cement exist in such abund- 
ance. The process involves the use of very large quantities 
of lime in treating the sewage, and was, for some time, in 
operation at Burnley. 

By Digging into Land. — The system of digging the sludge 
into land, as practised at Birmingham, will be discussed in 
the Chapter descriptive of those works. 

By Steamship Carriage. — It is intended to convey to sea 
in specially designed steamships, the sludge produced from 
the London, sewage. 

The quantity to be dealt with daily is exceedinglj' large, 
the estimates varjnng from 390 tons by Major Flower, to 1,200 
tons by Dr. Frankland, the material in both cases being in 
the form of sludge-cake from filter-presses (see Second Report 
of the Commissioners on Metropolitan Sewage Discharge, 1884). 
The quantity was estimated by the author at 1,086 tons.* 
The amount of sludge-cake obtained by the treatment of nine 
million gallons daily, throughout the year 1887, was 7*3 tons 
per million gallons, and taking the sewage at 156 million 
gallons daily, the amount to be dealt with will at the present 

*Min, Proc. Inst, C.E,, vol. Ixxxviii, 1887. 
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time be about 1,140 tons per day, if in the form of sludge- 
cake. As it is not intended to press the sludge, the quantity 
will be much greater, being estimated by Mr. Dibdin at about 
3,000 tons. 

The following extract from Mr. Dibdin's paper* explains 
the proposed mode of disposal : — 

" The great advantage of this method is that the sludge will 
never be seen. Precipitated in covered reservoirs, transferred 
from the precipitating tanks to special settling tanks, from 
thence pumped into the sludge vessel, and discharged under 
water far from land, the sludge will disappear in the most 
speedy, cleanly, and safe manner that can be devised. 

" The objections to this system are threefold : — 

*'(]) Waste of valuable manure. 

•' (2) Possibility of nuisance on the coast. 

* (3) Delay in transit by fogs and stress of weather. 

"The first objection is speedily met by the reply, that if the 
commercial manurial value of the sludge is a fact, commercial 
men may be safely relied upon to utilise it. They can have 
the sludge for nothing in any quantity. Let them take it, 
and deal with it as they will. This consideration applies to 
all propositions for the profitable utilisation of the filthy 
matter, whatever they may be. 

"The second objection as to the possibility of nuisance on 
the coast is a mistaken one. Examine the point closely. 
Some 3,000 tons of 'settled' sludge, equal to about 150 tons 
of organic matter, will be discharged per diem under water 
several miles from the coast. This will not be discharged at 
one spot, but be spread over some 30 miles. Assuming that 
the discharge from one vessel holding 1,000 tons, equal to 50 
tons of organic matter, formed a track when diffused in the 
water 4 yards deep by 4 yards wide, and 10 miles in length, 
what would be the quantity of organic matter in that polluted 
line of water? Only 16 grains in each gallon. Given a 
gallon of water, containing 16 grains of organic matter, 

*Mm. Proc InaU C.E., vol. Ixxxviii, 1887. 
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situated say 10 miles from the shore, and in a strong tidal way^ 
how much offence will be given after diffusion, oxidation, the 
feeding of fish, &c., have acted their part, by the time it has 
reached the coast, if ever it does reach it ? Considering that 
in a comparatively trifling quantity of water, as in the river, 
it has rarely been traced more than a few miles from the 
outfalls, even when mixed with all the multitudinous sources 
of pollution other than sewage, is it likely that the infinite^ 
simal particles will ever be seen again when once they are 
fairly deposited in the great bulk of the Channel water 1 
Furthermore, the strongest antagonist to the system cannot 
but admit that it is absolutely, and in every detail, fully in 
accordance with both the letter and the spirit of the recom- 
mendations of the Royal Commission. 

"The third objection, delay by fogs and stress of weather, is 
a trivial one. An increase in the capacity of the sludge 
settling tanks, with reserve steam-power, which must be 
provided in any case to guard against breakdowns, will 
effectually overcome this difficulty. If the whole of the 
enormous naval traffic of England can be carried on, as it is, 
with almost mathematical precision, surely the carriage of a 
few thousand tons of sewage-sludge to the Channel can be 
as readily accomplished. 

" While it is thus clear that in the case of the Metropolis the 
conveyance of the sludge to sea is the only available remedy, 
it by no means follows that under other circumstances, and 
where local conditions are favourable, other systems are 
undesirable. Each case must be dealt with on its own merits, 
and according to local requirements." 

It appears from the Report (M.B.W.) already referred to, 
that the sludge as removed from the sewage settling tanks 
loses about one-third of its water on being run into a second 
series of tanks and allowed to settle. 

Filter Pressing.— Of all methods of treating of sewage- 
sludge yet introduced, that by the filter-press has, in the 
majority of cases, most to recommend itself. On being 
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removed from the settling tanks, the sludge may at once 
be dealt with, storage for one or two day's supplj" of wet 
sludge only being necessary. By the operation of the filter- 
press, 10 tons of sludge are at once reduced to 2 tons of 
cake, 8 tons of clear but exceedingly strong sewage being 
separated. 

The Filteivpress is usually constructed of cast-iron plates^ 
having recesses and drainage surfaces on each face, the pro- 
jecting rim, forming with its counterpart, when these are 
placed in a suitable frame, a space or cell. The surface of 
each plate is covered with a filtering medium of jute- or hemp- 
canvas, or other material, and, on filling the cell with the 
sludge to be treated, and applying pressure, either by pumping 
more of the material to be filtered into the chamber direct, or 
by interposing an accumulator between the pump and the 
press, to accomplish the same purpose with a more uniform 
pressure, the liquid is forced through the filtering medium, 
and, passing along the drainage channels, escapes at the 
bottom of each plate, the solids being retained in the cells. 
When the liquid ceases to flow from the press, it is opened, 
and hard cakes are discovered, consisting of the solic^s 
separate from the original material treated, together with 
a varying percentage of moistui^e. 

In the description of the Wimbledon Sewage Disposal 
Works, some details of the filter-presses employed will 
be given. The subjoined illustrations show the plate in 
general use, as patented by S. H. Johnson. Fig. 7 is an 
illustration of the filter-press in perspective, the plates being 
clearly shown resting upon the side bars. In the filter-press 
by Manlove, Alliott & Co., the large wheel A is superseded 
by a small cylinder, the piston in which is worked by 
compressed air, thus economising time in opening and closing 
the machine. 

The method usually adopted for forcing sludge into the 
filter-press is that of compressed air in conjunction with a 
strong cast-iron receiver. On filling the receiver with sludge^ 
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a small quantity of lime is added, varying from 3| to 5 per 
cent, of the volume of sludge ; and on this being thoroughly 
mixed with the sludge, air, at a pressure of about 60 lbs. per 
square inch, is admitted, the mixture being forced up the 
dip-pipe and into the press. As the water is separated, the 
solids accumulate in each cell until stiff cakes of sludge are 
produced. With perfectly fresh, ground, grey chalk lime, the 
entire operation of filling a press, removing the sludge-cake, 
and getting ready for a second operation, should not exceed 
forty-five minutes. 

Some makers of presses employ direct-acting pumps instead 
of compressed air, for the purpose of forcing the sludge into 
the filter-press, but, beyond a small saving in fuel, no advan- 
tage is gained by the substitution. 

So far, the employment of heat in the evaporation of the 
water, so largely entering into the composition of sludge, has 
not been successful. Pressed sludge is in some processes — the 
A. B. C. for instance — dried in special machines, and then 
pulverised, but before heat is applied the filter-press should 
unquestionably be employed. 

The cost of producing sludge-cake varies at difierent works, 
but it is unlikely that the total working expenses will ever 
fall much short of 2s. per ton ; at the majority of works the 
cost is about 2s. 6d. As, however, 1 ton of sludge-cake repre- 
sents 5 tons of wet sludge, the cost per ton of the latter is 
not high. 

The subjoined analyses show the principal constituents of 
sewage-sludge : — 
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lOO THE DISPOSAL OF SEWAGE-SLUDGE. 

TABLE XIIL— AVERAGE COMPOSITION OF PRESSED SEWAGE- 
SLUDGE FROM CROSSNESS (/. W. DIBDIN, 1887). 

Per cent 

Moisture, 58*06 

Organic matter, 16*69 

Mineral „ 25'25 

lOOOO 

The organic matter contains — 

Per cent on Per cent 
pressed Sludge. Nitrogen. 



. 0035) 
lonia, . 1025> ^'^"^ 



Saline ammonia, • 

Organic nitrogen, calculated as ammonia, 

The mineral matter contains — 

Per cent 

Carbonate of lime, 7*94 

Free lime, 2-45 

Silica, 8*08 

Oxide of iron, 0*97 

Alumina, 3*39 

Phosphoric acid ( = Phosphate of lime 1 44), . . . 0*658 

Magnesia, traces. 

The analyses disclose low maniirial values, and if sewage- 
sludge is to take and retain its place as a manure, in order to 
save carriage and render it more suitable for application to 
land, it is necessary to go further than treat it in a filter-press. 
The sludge-cake should be dried and pulverised, and as its 
quality must vary with the occurrence of storms, which bring 
quantities of mineral detritus into the settling tanks, every 
endeavour should be made to turn out a manure of uniform 
quality, either by fortifying weak samples or by thorough 
admixture of the mass. 

The conclusions arrived at by the author, after careful 
observation of the filter-press during several years, are : — 
Firstly, that the machine oiffers a ready solution to the ques- 
tion of the disposal of the huge masses of putrescent mud 
produced daily in sewage-precipitation works ; secondly, that 
these offensive and useless masses may be quickly converted 
into a practically inodorous manure ; and, lastly, that the re- 
sulting manure is superior to ordinary farmyard manure. 
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The disposal of the liquid separated from sludge by means 
of the filter-press is not difficult. The subjoined analysis 
shows the composition of this liquid, which is generally free 
from suspended matter : — 



TABLE XIV.— COMPOSITION OF LIQUID FROM FILTERPBESSES 
USED FOR SEWAGE-SLUDGE AT WIMBLEDON {ST£VEXSON), 



CoUrOHZNTS. 


OrainH per 

gallon. 


In partn per 
100,000. 


Total BoUd matter (dried at 120"), . 

« 

Loss on Ignition, 

Combined chlorine, 

lime (CaO), total, as free lime, carbonate, 1 
and soluble salts, . . . . . j 

Alkalinity, calculated as hydrate of calcium \ 
(slaked lime), / 

Free ammonia, 

Albuminoid ammonia, 

Oxygen used in oxidising the organic matter \ 
in two minutes, j 

Ditto in four hours, 


260*40 

28-20 

4-69 

131-30 

151-70 

6-90 
1-80 

2 00 

3 05 


327 00 

40-40 

6-70 

187-57 

216-71 

9-86 
2-57 

2-86 

4-36 



Dr. Tidy * suggested separate treatment of this liquid, using 
as agents either chloride of lime or perchloride of iron in 
comparatively large quantities. 

As, however, at Wimbledon the press-liquor is but about 
1 per cent of the normal sewage flow, and as this liquid is 
practically a saturated solution of lime with a quantity of 
organic matter, the author allowed it to flow into the outfall 
sewer, where it mixes with the untreated sewage, when it 
assists to precipitate the suspended matters on the sewage 
being pumped into the settling tanks. If 5 per cent of press- 
liquor is added to ordinary sewage, curdling and rapid pre«- 
cipitation of the solids follow. 

*Jour. Soc. of Arts, Oct. 8, 1886. 
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Di\ Stevenson informed the author that, " so far as he could 
see, the only useful purpose that was served by returniniT the 
press-liquor to the unpurified sewage was a saving of lime ; 
there being the equivalent of rather more than 1 cwt. of 
quicklime in 33 tons of press-liquor, your daily yield. . . . 
It may with care, as cjr., neutralisation with sulphuric acid, 
be converted into a comparatively rich fertilising liquid ; but 
the 33 tons would require 2 cwt. of oil of vitriol for neu- 



tralisation, and this would cost much more than the value of 
the fertilisers in the liquid." Dr. Stevenson further said that, 
in his opinion, the best way of treating the press-water, was 



PREPARATION OF LAND. I03 

to add to it ten to twelve times its volume of chalky water, 

and pass it over or through land. He pointed out that by 

adding^this liquor to the sewage the albuminoid ammonia in 

1*8 
the latter was increased by -7: = 0018 grain per gallon. 

Before definitely deciding upon the mode of disposal, the 
method of dealing with the sewage must be considered ; when 
the sewage effluent from settling tanks is applied to land, the 
plan adopted by the author at Wimbledon will be found 
satisfactory, but if the effluent passes from the tanks directly 
into a river or stream, small in volume relatively to the 
effluent, sepai-ate treatment may be found to be desirable. 

The foregoing diagmm will be found useful in estimating 
quantities of water eliminated by filter-presses. 



CHAPTER IX. 

THE PREPARATION OF LAND FOR SEWAGE DISPOSAL. 

Land is prepared for the purification of sewage in two ways ; 
when the surface is relied upon as being sufficient for the 
purpose, and broad irrigration is the mode in which the 
sewage is applied, the surface should present a gentle slope, 
in order that the sewage may travel slowly forwards in a 
lateral direction and thus admit of the surface being equally 
wetted throughout, and also admit of the drainage and drying 
of the surface subsequently to the application of the sewage. 

When intermittent filtration is the method by which the 
purification is to be effected, the land is laid out in level beds, 
and the sewage applied to each bed passes vertically down- 
wards through a pervious stratum from which, in a more or 
less purified condition, it escapes by means of drains, or 
otherwise. 

Levelling: and Under-drainage.— The laying out of land 
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for irrigation requires an amount of attention and care, 
generally not fully appreciated. When the subsoil is of sand, 
or gravel, or other poroiis material, the preparation is not a 
difficult matter, since the subsoil water is readily disposed of ; 
either it passes into the streams or water-courses without 
artificial aid, or a few deep drains are laid for the purpose 
of relieving the subsoil. But in dealing with the drainage 
of clay soils, the utmost care is necessary. The reckless 
draining of these soils, when intended for sewage purification, 
has not infrequently brought about a state of affairs the 
rev^^e of that desired. Clay soils possess the property of 
cracking in dry weather, consequent upon the contraction 
of the material when free from water. In undrained clay 
land, cracks may often be found 1 or 2 inches in width, 
and 5 feet and upwards in depth ; when the land is drained 
the cracking is intensified, and sewage applied to the surface 
may pass directly to the drains without undergoing any 
appreciable degree of purification, and in consequence of the 
generation in the drains of the material known as " sewage 
fungus,'' sometimes issues from the drains actually in a worse 
condition than when applied to the surface. 

At the Wimbledon sewage farm, a large number of drains 
have been taken up with very beneficial results. In some 
cases the trenches had been filled nearly to the surface with 
burnt clay or ashes, or other porous material, and when this 
had been done the land may*be said to have been rendered as 
unfit for the reception of sewage as it is possible to make it. 
It has been said that the large quantities of sewage applied 
tend to prevent cracking, but experience teaches that in 
practice the cracking cannot be prevented. There are not 
many sewage farms where a larger volume per acre per 
annum — 16,000 tons — is applied than at Wimbledon ; but in 
hot, dry weather, when evaporation and absorption are most 
active, cracking is always observable. The subjoined diagram 
shows the effects of clay soils cracking. 

The careful sewage-farmer does not irrigate rye-grass for 
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a period of from three to seven or more days before each 
cutting ; this is necessary in order to admit of the crop 
** hardening," or parting with some of its moisture, thus 
rendering it more suitable for the market; the ground also 
drains and hardens, thus admitting of the passage of vehicles 
over its surface without destroying the roots of the grass, or 
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Fig. 10. — Cracking of clay soils. 

injuriousl}'' affecting the surface by making deep wheel-tracks, 
along which the sewage would readily pass, to the possible 
pollution of the effluent. During the period when the crop 
is being " hardened " and removed, the cracking of clay soils 
is not to be prevented, and the author has seen cases where 
badly drained fields have compulsorily remained idle in dry 
weather, being rendered quite unfit for sewage purification. 

On the other hand, the application of sewage to undrained 
soils might lead to an unsatisfactory result. The question 
was investigated by a Committee appointed by the British 
Association for the Advancement of Science, and in the Report 
for 1 873, page 446, the following passage occurs : — 

*' It may seem almost supei-fluous for the Committee, after 
80 many years of general experience throughout the country, 
to argue in favour of the subsoil drainage of naturally heavy 
or naturally wet land with impervious subsoil for purposes of 
ordinary agriculture; but some persons have strongly and 
repeatedly called in question the necessity of draining land 
when irrigated with sewage ; and the two farms at Tunbridge 
Wells, to a great extent, and more especially the Reigate 
Farm at Earlswood, have been actually laid out for sewage- 
irrigation on what maybe called the "saturation principle;" 
80 that it appears to the Committee desirable to call attention 
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to the fact that if drainage is necessary where no water is 
artificially applied to the soil, it cannot be le&s necessary after 
an addition to the rainfall of 100 or 200 per cent. But a 
comparison of the analyses of different samples of effluent 
waters which have been taken by the Committee from open 
ditches, into which effluent water was flowing off saturated 
land, and from subsoil drains into which effluent water was 
intermittently percolating through several feet of soil, suggests 
grave doubts whether effluent water ought ever to be per- 
mitted to escape before it has percolated through soil." 

The solution of this most difficult problem may possibly be 
foxmd in the treatment adopted for the more recent portions 
of the Wimbledon Farm. The surfaces were very carefully 
levelled, so as to prevent any ponding ; the land was divided 
into plots of about 4 acres by means of roads 12 feet in width; 
under the centre of each road a drain was laid at a depth of 
about 6 feet ; the surface, prior to being cropped, was ploughed 
to a depth of 9 inches, and whilst in a rough condition, a 
thick coating of screened town ashes was placed upon it ; the 
ordinary agricultuml operations followed, and as a result, a 
porous surface of upwards of a foot in thickness has been 
obtained, through which the sewage passes in a lateral direc- 
tion. As the ground is ploughed every other year, the 
porosity of the surface is maintained, and the results have 
hitherto been satisfactory ; certainly the troubles experienced 
on the older parts of the farm have been altogether wanting 
on the newer portions. The farm manager, Mr. Snook, recom- 
mends occasional subsoiling, in addition to deep ploughing 
for clay soils. These disturbed surfaces will absorb large 
quantities of sewage, and if the liquid be carefully and inter- 
mittently applied, " lateral filtration " will occur with satis- 
factory results ; the quantity applied per acre per day should 
not exceed 20,000 gallons, and with that quantity properly 
applied it is doubtful if any water will escape that has not 
been in actual contact with the soil. The volume might, 
appear to be large, seeing that with 40 gallons of sewage per 
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head per day, 500 persons per acre would be the unit, but it 
is rarely the case that more than one-fifth of a sewage farm 
is under irrigation at any one period. 

The unit of 100 persons per acre has been adopted in this 
country where broad irrigation is employed for the purifica- 
tion of sewage, but where utilisation as well is aimed at, the 
number per acre should, according to various authorities, vary 
from 30 to 50. 

The birth-place of Intermittent downward filtration, as 

applicable to sewage purification, was the laboratory of the 
Rivers' Pollution Commissioners (see First Report, 1870); 
although waters used for domestic purposes have long been 
subjected to this treatment. The experiments were made in 
the following manner : — 

"A number of glass cylinders were blown, each 6 feet in 
length and 10^ inches in diameter; they were open at each 
end, and were placed vertically upon a shallow earthenware 
tray. A glass tube, open at both ends, is passed down the 
axis of the cylinder to within about 3 inches of the lower 
extremity. The object of this tube was to allow air or gas 
to escape freely from the lower part of the cylinder, so that 
the passage of the sewage through the filtering material 
might not be retarded. A layer of small pebbles about 3 
inches deep was placed at the bottom of the cylinder ; upon 
this rested a stratum about 5 feet thick (about 3 cwt.) of the 
soil to be experimented upon ; and finally, in some cases, a 
layer of fine sand 1 inch deep was put upon the top of the 
soil, to prevent the coarse suspended matters in the sewage 
from passing into the soil. This left ample space at the top 
for the sewage which was poured into the cylinder in equal 
quantities night and morning. The efiluent water, collecting 
in the earthenware tray, flowed off into a vessel conveniently 
placed for its reception." 

In experimenting with Beddington soil, the sewage was 
found to be effectively purified when the rate of filtration 
"was 7'6 gallons per cubic yard of soil per day. 



I08 PREPARATION OF LAND. 

Experiments with Barking soil gave entirely different 
results. The soil was found to possess the property of 
absorbing from sewage a large amount of fertilising ingre- 
dients. *'It is scarcely possible to overrate the agricultural 
value of this property in a soil which is destined for irrigation. 
This quality, however, greatly detracts from its efficiency as 
a continuous purifier of sewage filtered through it. The 
application of 3*8 gallons per diem to each cubic yard, for 
about twelve weeks, showed a continuous increase of organic 
impurity in the effluent water, which at the end of that time 
was rapidly approaching in quality to unchanged and unpuri- 
fied sewaga" 

Dursley soil gave the best results. " Whilst 1 cubic yard 
of sand or of Hambrook soil cannot continuously and satis- 
factorily purify more than 4*4 gallons of London sewage per 
twenty-four hours, 1 cubic yard of Beddington soil can cleanse 
7*6 gallons, and 1 cubic yard of Dursley soil no less than 
9*9 gallons in twenty-four hours, which is equivalent to the 
cleansing of nearly 100,000 gallons of sewage per day by an 
acre of this soil, provided the drains for the effluent water ar^ 
6 feet deep. ... At the conclusion of the long series 
of experiments, there were no symptoms of clogging up or 
diminution of activity, and the effluent water was always 
bright, inodorous, and nearly colourless. The cleansing power 
of a soil seems to be more closely connected with physical 
condition as regards porosity and fineness of division than 
with its chemical composition. Thus the Beddington and 
Barking soils, whilst similar in chemical composition, are 
mast widely dissimilar in their action upon sewage. Again, 
sand and Hambrook soil act very similarly upon sewage, 
whilst they differ considerably in chemical composition ; and 
lastly, the Hambrook and Dursley soils do not differ very 
widely in their chemical composition — nevertheless, the latter 
has more than twice the purifying power of the former." 

The Commissioners estimated that an acre of properly 
drained and suitable soil would be sufficient for the purifica- 
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tion of the sewage of 2000 persons, but experience proves 
that the estimate is too high. 

A plot of land is never of the same texture throughout; 
moreover, when the soil is disturbed by cutting deep trenches 
for the drains, the excavated material on refilling the trench is 
rarely consolidated to the same degree bs the original soil, and 
the sewage will pass through the more porous portions more 
readily than through those of a closer texture ; a large filtra- 
tion area is in short generally unlike the small artificial filters 
of the Commissioners, and, as a consequence, the unit of 
persons per acre has now been reduced to 1000. 

In experimenting with Lancashire peat> the efBuent showed 
a steady improvement from the first, and it is worthy of 
remark that the existence of organisms in soil and their effect 
as scavengers do not appear to have been suspected by the 
Commissioners. After comparing a sewage farm with the 
lungs of breathing animals, and the sewage with blood, in both 
which the air acts as an oxidising agent, the Commissioners 
say:— 

" To this item in the character of both irrigation and fil- 
tration as chemical processes, there must be added another 
cleansing agency, also of a chemical kind, in which the former 
has greatly the advantage. We refer to the actual appetite 
for certain dissolved impurities in filthy water, which soil, 
whether in a tank or covering a field, owes both to general 
surface attraction and to chemical affinities which some of its 
ingredients possess." 

In 1877 the purifying: action of soil was investigated by 
MM. Schloesing and Miintz, and the results of their experi- 
ments were embodied in a Report in 1878.* The general 
theory advanced may be thus summarised : — 

When a liquid, such as sewage, is applied to a porous soil, 
the suspended matters are arrested at the surface ; this is the 
first action. The water, freed of its insoluble matters, descends 

* Schloesing et A. Durand-Claye, Rapport au Congr^s International d^ Hygiene 
de Paris, 1S78. 
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into the soil, and each particle of earth being surrounded with 
an extremely thin coating of liquid, an enormous surface of 
water is presented to the air contained in the soil. The 
second action of the soil now comes into operation, which is 
similar to slow combustion, the organic impurities are reduced 
to carbonic acid, water, and nitrogen, as in active combustion, 
but the organic nitrogen itself, which is more difficult to oxi- 
dise than either carbon or hydrogen, is changed into inorganic 
compounds. The means by which these changes are eflected 
are now undei'stood, and are doubtless due to organisms. 

Mr. R Warington examined the question in this country, 
and in 1884 presented a paper to the British Association for 
the Advancement of Science, from which the following is 
extracted : — 

"The Theory of Nitrification.— Till the commencement of 
1877 it was generally supposed that the formation of nitrates 
from ammonia or nitrogenous organic matters in soils and 
watei-s was the result of simple oxidation by the atmosphere. 
In the case of soil, it was imagined that the action of the 
atmosphere was intensified by the condensation of oxygen in 
the pores of the soil ; in the case of waters, no such assump- 
tion was possible. This theory was most unsatisfactory, as 
neither the solutions of pure ammonia nor any of its salts could 
be nitrified in the laboratory by simple exposure to air. The 
assumed condensation of oxygen in the pores of the soil also 
proved to be a fiction as soon as it was put by Schlcesing to 
the test of experiment. 

" Early in 1877, two French chemists, MM. Schlcesing and 
Miintz, published preliminary experiments showing that nitri- 
fication in sewage and in soils is the result of the action of an 
organised ferment, which occurs abundantly in soils and in 
most impure waters. The evidence for the ferment-theory of 
nitrification is now very complete. Nitrification in soils and 
waters is found to be strictly limited to the range of tempera- 
ture within which the vital activity of living ferments is 
confined. Thus nitrification proceeds with extreme slowness 
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near the freezing point> and increases in activity with a rise 
of temperature till 3V C. (99° Fahr.) is reached ; the action 
then diminishes, and ceases altogether at 00° C. (131° Fahr.). 
Nitrification is also dependent upon the presence of plant-food 
suitable for organisms of low character. Kecent experiments 
at Rothampstead show that in the absence of phosphates no 
nitrification will occur. Further proof of the ferment- theory 
is afforded by the fact that antiseptics are fatal to nitrification. 
In the presence of a small quantity of chloroform, carbon 
bisulphide, salicylic acid, and apparently also phenol, nitri- 
fication entirely ceases. The action of heat is also equally 
confirmatory. Raising sewage to the boiling-point entirely 
prevents its undergoing nitrification. The heating of soil to 
the same temperature effectually destroj's its nitrifying power. 
Finally, nitrification can be started in boiled sewage, or in 
other sterilised liquid of suitable composition, by the addition 
of a few particles of fresh surface soil, or a few drops of a 
solution which has already nitrified ; though without such 
addition these liquids may be freely exposed to filtered air 
without nitrification taking place. 

" The nitrifying organism has been submitted as yet to but 
little microscopical study : it is apparently a Micrococcus. . . . 

''The Distribution of the Nitrifying: Organism in the 

Soil* — Small quantities of soil were taken at depths varying 
from 2 inches to 8 feet, from freshly-cut surfaces on the 
sides of pits sunk in the clay soil at Rothampstead. The soil 
removed was at once transferred to a sterilised solution of 
diluted urine, which was afterwards examined from time to 
time to ascertain if nitrification took place. From the results 
it would appear that in a clay soil the nitrifying organism is 
confined to about 18 inches of the top soil; it is most 
abundant in the first 6 inches. It is quite possible, however, 
that in the channels caused by worms or by the roots of 
plants, the organism may occur at greater depths. In a sandy 
soil we should expect to find the organism at a lower level 
than in clay, but of this we have as yet no direct evidence.'* 
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Later researches show that in porous soils the nitrifying 
organism exists at depths of from 3 to 4 feet. 

In a paper read before the Society of Arts in 1882, Mr. 
Warington pointed out that "a porous soil of open texture 
will present an immense surface covered with oxidising 
organisms, and generally well supplied with the air requisite 
for the discharge of their functions. It is doubtless owing to 
this fact that nitrification takes place with so much greater 
rapidity in a soil than in a liquid. The sewage will itself 
supply the substance required for the nourishment of the 
oxidising organisms. One material essential to nitrification 
may, however, sometimes be deficient, namely, the base with 
which the nitric acid is to combine ; without the presence of 
this salifiable base, nitrification will speedily come to a stand- 
still. In the case of towns supplied with hard water, the 
sewage may contain as much carbonate of calcium in solution 
as will suffice for its subsequent nitrification in the soil ; but 
in the case of towns supplied with very soft water this can 
hardly be the case, and the presence of a considerable amount 
of lime in the soil itself will become essential for efficient 
nitrification. . . . Sewage contains the organisms neces- 
sary for its own destruction, and under favourable conditions 
these may be so cultivated as to efiect the purpose. A filtering 
medium of pure sand and limestone, treated intermittently 
with sewage, will, after a time, display considerable purifying 
powers, the surfaces becoming covered with oxidising organ- 
isms derived from the sewage. No such medium will, how- 
ever, equal in effect a porous soil, rich in organic life. It will 
be gathered from the observations now made that it would be 
possible to construct a filter-bed having a greater oxidising 
power than would be possessed by an ordinary soil and sub- 
soil. Such a bed would be made by laying over a system of 
drain pipes a few feet of soil, obtained from the surface (first 
6 inches) of a good field, the soil selected being porous, and 
containing a considerable amount both of carbonate of calcium 
and organic matter. A filter-bed thus prepared would be far 



THE PREPARATION OF LAND. 



113 



more porous than a natural soil and subsoil, and would possess 
active oxidising functions throughout its whole depth. . . . 
One more point may be worthy of notice. We have already 
referred to the fact that nitrification, like all other kinds of 
fermentation, ceases in the presence of antiseptics ; the refuse 
of chemical works may thus sometimes prove a great hindrance 
to the purification of sewage by soil." 

Levelling^. — In the preparation of land — other than by 
draining, which has already been discussed — great attention 
should be paid to the surface. Whether the system be that 
of irrigation, or of downward filtration, the surface when 
levelled should be entirely free from depressions and from 
mounds. The subjoined diagram will illustrate both a well- 
and badly-prepared surface, and some of the efiects resulting 
therefrom. 
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Fig. 11. — ^Preparation of soils. 

In the first case, the sewage will not reach A and the crops 
on the summit will be poor, as will also be those subjected 
to deluging at B; the full purifying power of the soil will 
not be utilised, and a nuisance might arise from the stagnation 
at B. In the second case, the top soil will be set aside, and 
when the subsoil has been levelled, will be replaced with an 
even thickness throughout. 

If broad irrigation i^ adopted on very flat and heavy soil, 

the land should be laid out on the ridge and furrow system, 

the ridges being about half a chain (33 feet) apart. A fall is 

given to the furrows longitudinally, just as in a level road an 

artificial fall is obtained for the channels by deepening them 

near the gullies; indeed a field laid out on this system 

resembles a series of roads side by side, the sewage carrier, 

8 
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merely a grip, being cut along the top of the ridge, which 
corresponds with the crown of a road. The surface of wet 
soils may be readily relieved of its super-abundant moisture 
if treated in this manner, 

Carriers.-^When the surface has a sufficient slope, or the 
subsoil id of an open nature, the fields may be laid out with 
an even surface. The carriers, or grips, will then be cut in 
the direction of the greatest fall, or nearly so, and the sewage 
will be diverted from the grips to the surface of the land by 
means of stop-boards, or small sheet-iron stoppera ; these latter 
are preferable and should be provided at the top with a piece 
of angle iron, which not only stiffens them, but admits of the 
water-man pressing them into the soil with his foot, when 
damming the sewage. 

The grips should be of simple construction, and stoneware 
or other artificial channels are not only unnecessary, but a 
great hindrance to agricultural operations. 

The main permanent caniers — those bringing the sewage 
to the highest part of eaeh plot — may be of any durable 
material, and the level should be such as to admit of them 
discharging their whole contents into some one or other of 
the secondary carriers, otherwise the sewage will become very 
offensive if allowed to stagnate. The secondary carriers might 
be conveniently constructed of stoneware channels, formed by 
splitting ordinary socket-pipes longitudinally, a process readily 
performed by manufacturers. The sluices or valves, on the 
main carriers, for regulating the flow to the secondary carriers, 
should be constructed in a substantial manner, and preferably 
of iron. These general details are applicable to both irriga* 
tion and downward filtration areas; but when these latter 
are very porous, and the sewage is applied in small volumes, 
as from gravitation outfall sewers serving small towns, and 
not provided with storage tanks, the ridge and furrow, as 
adopted by Mr. Bailey Denton, is advisable, because the sewage 
can be diverted down each furrow successively, thus ensuring 
uniformity of application. 
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The subjoined sketch shows the usual form of ridge and 
farrow adopted in these cases :- — 
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Fig. 12. — Ridge and furrow filtration areaa. 

The sewage passes laterally into the ridges, and is carried 
bj capillary attraction above the line of saturation, its fertilis- 
ing constituents thus being available for the nourishment of 
plant life. 

Cropping.— With regard to the cropping of sewage farms, 
when the area is large compared with the number of persons 
per acre, and utilisation is aimed at, all ordinary crops may 
be grown, since the sewage may be applied in moderate doses, 
and at such seasons as may be most advantageous. But 
when the area is somewhat more restricted as in broad 
irrigation farms, with a population of about 100 per acre— 
the unit generally adopted in this country — the volume of 
sewage to be applied per acre per annum is often too large 
to admit of cereals being cultivated, and rye-grass, mangold- 
wurzel, and osiers, must then be the principal crops. Since 
an inspection of the Table (p. 40) will show that the average 
discharge of sewage per head per day is, in the towns 
tabulated, 39 gallons, this volume multiplied by 100 — the 
number of persons per acre — ^will amount to nearly 7000 
tons, as the yearly volume of sewage per acre ; to that 
quantity must be added the ordinary rainfall descending upon 
the farm, and the increase in the sewage due to the non- 
interception of the rain falling on streets, roofs, and other 
surfaces; hence it will be seen that the volume of liquid applied 
per acre per annum, is much too large to admit of the 
cultivation of crops, other than those suited to much moisture. 

In the case of downward filtration, where the sewage of 
five or more times as many persons is applied per acre, rye- 
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grass or osiera must be the principal crops, unless the narrow 
ridge and furrow be adopted, when vegetables or mangolds 
may be grown on the ridges. 

With regard to the commercial aspects of sewage farming, 
generalisations are of no practical value. That sewage 
possesses a certain manurial value is too well established 
to need comment, but whether that value can be profitably 
reclaimed by applying sewage to land, must depend upon 
a variety of circumstances. 

Kegarded purely as a commercial undertaking, the utilisa- 
tion of sewage may be dealt with in the same manner as any 
other attempt to deal with waste products. The elements 
necessary to success are in both instances practically the same; 
the capital outlay on the manufactory or the farm is the first 
element, the price obtainable for the products is the second, 
the cost of the management is the third, while the cost of the 
waste product itself may also be an element ; if for instance a 
long outfall sewer or a pumping station were necessary to the 
utilisation of sewage on a particular area of land, when the 
sewage might be otherwise dealt with without constructing 
these works, their annual cost would be fairly chargeable to 
the manufacturing account. 

In one important particular, however, the parallel must 
cease. In the case of a successful trading concern, the direc- 
torate would be composed of persons having special knowledge 
of their business, who would have as their primary object the 
profitable employment of their means. Such a directorate is , 
widely diflTerent from that of the Corporation Sewage Farm, 
as, indeed, it must necessarily be. A capable, but practically 
unfettered farm manager, must take the place of the trading 
board of directors, if the best pecuniary results are to be 
realised, and at the same time the rivers are to be freed from 
pollution. 

The sanitary aspects of sewage farming have been dis- 
cussed over and over again ; the supposed evils are the 
pollution of subsoil water, of rivers, of the atmosphere, and of 
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the crops. Briefly, it may be said that, provided the area of 
land is sufficient for the purpose, and that it has been properly 
laid out, no nuisance need necessarily arise if the works are 
properly managed, and the same remarks apply equally to all 
sewage disposal works whether sewage farms or precipitation 
works. Bad management will in both cases lead to an in- 
sanitary condition of afikirs. 

The Judges, appointed by the Royal Agricultural 

Society in 1879 to adjudicate the prizes in the sewage farm 
competition, state in their report that '' the results of the 
sanitary inquiry show that sewage farming is not detrimental 
to life or health." 

Dr. Alfred Carpenter has devoted a very considerable 
amount of attention to the question, and has for years had 
experience in watching the operation of the Beddington 
Sewage Farm. At a meeting of the British Medical Associa- 
tion at Glasgow in August, 1888, he submitted a series of 
propositions as follows : — 

''1. That the application of the sewage of a water-closet 
town to land in close proximity to dwelling-houses is not 
injurious to the health of the inhabitants of those houses 
provided the sewage be fresh ; that it be applied in an inter- 
mittent manner, and the effluent be capable of rapid removal 
from the irrigated fields. 

" 2. The judicious application of sewage to soil of almost 
any kind, if it be mainly inorganic, will satisfactorily cleanse 
the effluent water, and fit it for discharge into any ordinary 
stream, provided the area treated is not less than an acre for 
each 250 persons. 

" 3. That vegetable products grown upon fields irrigated by 
sewage are satisfactory, and safe as articles of food for both 
animals and man. 

" 4. That sewage farms, if properly managed, do not set up 
either parasitic or epidemic disease among those working on 
the farm or among the cattle fed upon its produce. 

''5. That this immunity exists because the conditions. 
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necessary for the propagation and continuance of those disease 
germs which affect man and animals are absent ; the microbic 
life on sewage farms being antagonistic to the life of disease 
germs, the latter, therefore, soon- cease as such to exist. 

" 6. That sewage farms may be carried on in perfect safety 
close to populations. It is not, however, argued that the 
effluent water is safe to use for dietetic purposes. 

*'7. That there is an aspect in sewage farming which shows 
that it is a wise policy for the nation to encourage that form 
of utilisation from a political economy point of view. 

**8. That to be financially successful such farms require 
that the rainfall be separated from the sewage ; the area large 
'enough for alternate cropping, and the capital employed 
sufficient to ensure a continuous and rapid consumption of 
the crops produced. 

*' 9. That, if practicable, sewage utilisation by surface irriga- 
tion should be, for financial reasons, within the area of its own 
watershed, and close to the populations producing the sewage ; 
but it is not a necessity that it should be so, provided it be 
applied to the land within a few houi*s — ^not more than twelve 
^-*of its discharge, and that there is no arrest of movement for 
more than very short periods before it is so utilised." 

The efiect upon health of sewage farming was dealt with 
very fully by Dr. Carpenter, his remarks closing with this 
sentence — 

" I need not follow this head any further, except to remark 
that in February, 1887, 1 submitted a report upon the subject 
to the Society of Arts in London, in which I conclusively 
proved that in no single instance, out of nearly 100 cases in 
which sewage has been utilised by broad irrigation, had any 
fact been proved to establish the allegations of "^ insanitari- 
ness ' which are sometimes raised against them." 

At Wimbledon, upwards of seventy persons reside upon 
the sewage farm, whilst a hospital for infectious diseases is 
situated within its boundary, in which hundreds of patients 
have been successfully treated since the farm and hospital 
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were conjointly established, and so far there is no evidence 
to show that the farm is in any way prejudicial to health. 
Although it would be rash to assert that under all circum- 
stances sewage farming will not prove inimical to health, the 
evidence in favour of any general condition of unhealthiness 
resulting from its proper application, is altogether wanting ; a 
satisfactory result when it is considered that sewage farms 
have now been sufficiently long established to admit of some 
definite conclusions being arrived at. 

The annexed Table, a return by the Leicester Corpora- 
tion, will be of interest, as containing details of management 
of sewage farms not usually met with. 



I20 






PART II. 



SEWAGE DISPOSAL WORKS IN OPERATION. 



CHAPTER X. — DoNCASTER Ikriqation Farm. 



J. 






The borough of Doncaster has an area of 1,690 acres, a 
population of 26,000, and a ratable value of £111,656- 
There are 1,670 water-closets, and 2,372 privies with ash- i^ 

pits in use. The dry-weather sewage amounts to 800,000 
gallons per diem. 

The outfall sewers discharge their contents at the pumping 
station (see key plan), which is situated upon the south 
bank of the river Don. Here a pair of compound beam- 
engines are employed in pumping the sewage, which is forced 
through a 21-inch cast-iron main to the highest point of the 

 

sewage farm, the lift being 52 feet. Storm-water overflows 
are provided near the river in order to relieve the sewers, [ 
the pumping machinery, and the sewage farm, from excessive  

volumes of rain-water, the separate system not being in p 

operation. At night the sewage is not pumped, except in 
wet weather, the sewers being of sufficient capacity to contain 
the night sewage. Before entering the pump-well, the sewage 
is screened through cages constructed of strong iron rods. / 

Upon the completion of the main-drainage works in 1870, 
the sewage flowed by means of an existing outlet into the 
river Don, but the proprietors of that navigation obtained an 
injunction against the Corporation of Doncaster, restraining f 

them from discharging their sewage into the Don, in con- 
sequence of which the sewage disposal works were established 
in 1873, Mr. B. S. Brundell, M,Inst.C.E., acting as Engineer 
to the Corporation. ' 
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The sewage farm, available for sewage disposal, is of aix 
area of 264 acres, the surface is very undulating over a great 
part of the farm, whilst the soil varies from that of a light 
sandy character to a stiff red stratified clay. Mr. Brundell 
states, in a communication to the author, that ''all the land 
on the east of the Thorne Road is light and sandy, whilst 
that on the west side is of clay. At the sandpit there is a 
sand-hole 20 feet in depth, whilst on the other side of the 
road there is clay 20 feet in depth. It almost seems that a 
fault exists under the road itself." 

Drainage. — With the exception of the small portion intended 
for use as a filtration area, drains have been laid only in 
order to relieve the valleys and low places. As an example 
of the undulating character of the surface, the drain running 
from the point E to the point F on the plan, is in places 
20 feet in depth. The levels upon the plan indicate clearly 
the chief irregularities. 

Surface Preparation. — ^With such undulating surfaces, the 
levelling of the land as in downward filtration areas, was out 
of the question. The surface-falls in some of the fields vary 
from 1 in 25 to 1 in 50. " The principle which governed the 
laying out was to alter the surface as little as possible, but 
rather to make the sewage fit the surface, so that the carriei^ 
were laid along summits, and then, by means of contoured 
grips, the sewage is led on to the land " (Brundell). 

Carriers and Distribution.— '' The main carriers leading 
from the sewage tank — which is not much used — are of 
glazed socket-pipes laid either below the surface or in embank- 
ments, as the exigencies of the case demand. These carriers 
are sometimes worked under a small head of sewage. The 
subsidiary carriers are grips cut in the land, not always in 
parallel lines, but rather in such positions as will admit a 
fall of 1 in 300 being obtained for them. Ordinary stoppers 
are employed for the purpose of diverting the sewage on to 
the land." 

" Rotation of Crops.— Eye-grass or seeds (clover), 1 or 2 
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years (occasionally rye-grass stands for three years); roots, 
mangold-wurzel or swede turnips, 1 or 2 years; corn 1 year, 
and when the year for com comes round no sewage is applied 
to the growing crop " (Brundell). 

In consequence of the large area of the farm great varieties 
of crops are produced. According to the Report of tJie Judges 
on the Seioage Farm Competition^ appointed by the Royal 
Agricultural Society, 1879, the following crops were produced 
in 1879 : — Black currants, gooseberries, raspberries, peas, man- 
golds, wheat, barley, oats, rye, beans, potatoes, turnips and 
swedes, fallow, clover seeds and rye-grass, meadow grass and 
osiers. "The volume of sewage applied to various crops 
differed enormously; as much as 17,505 tons per acre were 
applied to rye-grass in 1878, which was equivalent to a 
vertical irrigation depth of 173 inches in the year. Mangolds 
received 6,455 tons or 64» inches in vertical depth, and per- 
manent grass 4,501 tons per acre or 44 inches in depth; 
while beans received only 188 tons per acre, or If inch in 
depth '* {Report of the Judges). 

Live Stock. — " There are 10 working horses, 20 milch cows, 
20 to 30 head of young stock bullocks, and 60 breeding ewes, 
upon the farm. At first there was a certain amount of 
prejudice against the milk produced, but it is now accepted 
without hesitation. The effluent water flowing from the 
farm is small in quantity, and is discharged into the river 
Don, which is much polluted by the towns situated above 
Doncaster. The relative volumes of the effluent and the river 
are, in dry weather, as 1 is to 2000 " (BrundeU), 

Mr. Brundell further states that the process is entirely 
satisfactory. " The sewage of the town is satisfactorily got 
rid of at small cost to the ratepayers. No nuisance arises 
anywhere, and the general feeling is that a sewage farm wag 
the best means of dealing with the sewage of Doncaster." 

Financial Summary. — The Corporation are the owners of 
an estate of 700 acres in extent at Sandall. A portion of this 
estate forms the sewage farm, viz., 264 acres. The capital 
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expended upon the farm in preparing it for sewage disposal 
iias been as follows : — 

Materials, and laying out the land, . . £3,500 

Tenant for labour (laying out part of farm), 300 

Buildings, 1,000 

Extra buildings, cost to tenant, . . . 350 

Total, .... £5,150 



The pumping station, machinery, and rising-main cost 
£18,000. 

The farm was let for the first fourteen years at a yearly 
rental of £825 (including cottages). It is now let at an 
inclusive yearly rental of £550. 

The subjoined balance sheet is fairly representative (Brun- 
dell). 

This farm was awarded a second prize in Class II. by the 
Judges appointed by the Royal Agricultural Society in the 
Sewage Farm Competition, 1879. About 20 persons reside 
upon the farm, and their health is stated to be good. 
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SAND ALL GEANGE 

Dr. TRADING ACCOUNT 

To Balance from last Account, £145 14 8 

J, Stock, as valued last year, 4,050 10 8 

,, Gross Profit carried dowu 2,567 19 2 



£6,764 4 6 



To Expenses, viz. : — 

Labour, • • . . 
Rent, Rates, and Taxes, 
Oilcake, &c, . 
Seeds, • 
Salt, Manure, &c.. 
Renewal of Live Stock, 
Management, 
Tradesmen's Bills, &c., 



PROFIT AND LOSS ACCOUNT, 



„ Rent owing, February 2, 1876, 



£567 16 1 

933 6 7 

105 11 2 

39 3 9 

22 17 

244 

100 

155 15 4 



£2,168 9 11 
433 16 2 

£2.602 6 1 



S>r« BALANCE SHEET, 

CAPITAL AND LIABILITIES. 

To Subscribed Capital, £4,000 

„ Rent owing, February 2, 1886, 433 16 2 



£4,433 16 2 
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SEWAGE FAEM. 

For the Year ending February 2, 1886. Cv* 

By Rent owing, February, 2, 1885, £346 9 9 

,, Sales, viz.: — 

Com, £701 1 4 

Livestock, 636 9 2 

Roots and Green Crops, .... 764 16 1 

Sundry Sales, 163 5 6 

2,265 12 1 

fy Stock outstanding, viz. : — 

Implements, £689 

Buildings 98 5 

Livestock 1,269 

Com, Hay, Roots, &c., .... 937 

Tenant Right, 1,158 17 8 

4,162 2 8 

£6,764 4 6 

February 2, 1886. Cr* 

By Gross Profit as per Trading Account, £2,567 19 2 



„ Net Loss,* 34 6 11 

£2,602 6 1 

February 2, 1886. Ct* 

PROPERTY AND ASSETS. 

By Implements, valued at £725, 56., less 5 per cent., . . . £689 

„ Buildings, „ £103, 8s., mm ... 98 5 

„ Live Stock, valued at 1,269 

„ Com, Hay, and Roots, valued at 937 

„ Tenant Right, valued at 1,158 17 8 

„ Balance in Bank 247 6 7 

„ Net Loss, 34 6 11 

£4,433 16 2 

• No interest paid on capital inToated, tIx., £1,000^ 10 that the Iobb would ba £81, 6b. lid. + 
£160, intereat at 4 per cent say. 
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CHAPTER XL 

BEDDINGTON IRRIGATION FARM, BOROUGH OF CROYDON. 

Area, Population, &c.— The area of the borough is 9,014 
acres. About 6^314 acres in the south, central, and west parts 
A of it drain to this farm, with a population of about 73,000. 

The ratable value of property draining to this farm is about 
£410,000. 

The 14,600 houses in this drainage area have, with very 
few escceptions, only water-closets, of which it is estimated 
there are about 20,000. 

Sewag^e Outlets. — There are two outlets of sewage on to 
the farm, one from Croydon and the other from Thornton 
Heath and Upper Norwood. The dry-weather flow varies 
somewhat with the height of the subsoil water in Croydon 
j Valley, but it may be put at 3J million gallons in twenty-four 
hours. 

The sewage flows on to the farm from both outlets by 
gravitation. 

About half the roads in the drainage area have surface- 
water drains in them, with which the road gullies are con- 
nected, and they discharge into the river Wandle and 
Graveney brook. Still the volume of storm-water entering 
the sewers is occasionally very great, and several times a 
year it may be put at 16 million gallons in twenty-four hours. 
There is no storm-overflow in any shape or form, and the 
whole of the storm-water entering the sewers is delivered 
on the farm. There, in order to cleanse it, it is sometimes run 
over all the grass land, and other plots as well, to the injury 
of the crops. 

Farm. — The whole of the farm is the freehold of the 
J Corporation, and contains 525 statute acres, with four farm- 
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steads, the manager's house, and fourteen cottages. Four 
hundred and twenty acres are laid down for broad irrigation. 

About 105 acres are occupied by farm buildings, cottages, 
strips of land alongside roads and high ground. 

The farm overlies the Woolwich and Reading beds, and the 
subsoil is chiefly of gravel (very open in some places) and 
sand. The soil varies considerably, from loam to a light free 
open soil, but all is very suitable for irrigation. The aspect 
of the farm is a gentle slope from east to west, averaging 
about 1 in 175. The farm is compact, the upper side of it 
being about 1,000 yards from the nearest part of the borough 
of Croydon, and the outlet side about 450 yards from the 
river Wandle, into which there are two outlets for the effluent 
water^ 

iFPigfation.— Irrigation upon part of the farm was begun in 
1860, and has since been continuous. There was no under- 
drainage until ten years ago, and now about 100 acres have 
drains, generally very wide apart and from 4 to 9 feet deep, 
varying in diameter from 4 inches to 2 feet. Although these 
do not assist in cleansing the sewage, yet they help to quicken 
the drainage of the land after the sewage is taken off it. 

The ground naturally lying with a very even fall towards 
the Wandle, the only preparation required was to adjust the 
surface to suit the carriers, raising some places and lowering 
others, but so little that still a proper thickness of soil was 
left for cultivation. 

The bringing-on-carriers at the top of the plots are usually 
of concrete, from 2 to 4 feet wide, and level as long as the 
ground permits. If at any place it is necessary to have a drop, 
this is done by means of a wooden sluice. 

Small trenches are made with the plough from the bringing- 
on-carriers down the greatest fall at a distance from each 
other of about 50 feet. The ground is a little lower between 
these trenches to make the sewage spread over the entire 
surface. Movable galvanised iron or wooden stoppers are 
used to divert the water at varying distances down the 
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trenches. These trenches end about 50 yards from the bottom 
of the plots, the hollowing ceases, the ground is thus level 
across, so that the whole breadth of land is irrigated. A 
pick-up-carrier runs along the bottom of the plot, over the 
edge of, and into which, the effluent water passes. The 
system in use is that of surface or broad irrigation, and, as a 
rule, the sewage passes over three separate portions of the 
farm. It is first passed on to one portion, which is covered 
with it ; from thence the sewage, partially purified, flows to 
a second portion of the farm, and then to a third, from which 
it passes in a pure state. The time occupied in passing over 
the farm is about three hours. It is estimated that 2 out of 
every 3 gallons of sewage pass off the farm as pure effluent 
water, the other gallon being either evaporated or absorbed 
by the land and the growing crop. The colour of the Italian 
rye-grass indicates exactly where it has been irrigated, and 
when ready for cutting the crop should have a uniform dark- 
green appearance. 

Crops. — The following is about the average cropping of the 
irrigated portion of the farm : — 

Rye-grass 190 Stat. Acres. 

Old pasture, 110 

Mangolds, 90 

Osiers, 4 

Com, cabbages, &c., .... 26 



ft 

91 
11 
11 



420 



91 



Rye-grass, the principal crop, exhausts itself in about three 
years, when it is ploughed up and replaced by a crop of 
mangold or cabbages, followed occasionally by a crop of 
wheat, oats, or potatoes, and then a return to rye-grass. 
Five heavy crops of the latter are usually grown in a season. 
The mangolds also are a very heavy crop. Wheat and oats 
are grown chiefly for the straw, which is very strong, and, 
in consequence, usually laid before the grain is ripe. The 
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expense of weeding and taking to market garden-prodace 
militates against its growth on this sewage farm. 

Animals. — ^Fourteen horses are kept for working the farm. 
For several years the Corporation have given up keeping 
cattle, but have taken horses and cattle in to graze. A dairy 
farmer has erected buildings upon the farm, in which about 
200 milking cows are kept, which consume large quantities 
of sewage-grown produce. 

Cost. — During the past three years the working expenses 
have averaged as follows : — 

r 

Wages and Manager^s salary, .... £2,801 

Corn and seeds, « 220 

Horse hire, . 30 

Implements, ironmongery, and repairs, . . 133 

Repairs to buildings, 36 

Rates and tithes, ...... 660 

Sundries, 346 

£4,226 



During the same time the sales of produce have averaged- 

Grass, £1,682 

Mangolds, 914 

Cabbage, rhubarb, and potatoes, . . . 882 

Stock keep, 544 

Hay, straw, wheat, and oats, .... 387 

Sundries, 95 

£4,504 



The cost of the 525 acres of freehold land has been 
£138,771. That of the works, in laying them down, the 
underdrainage, the outfalls to the river Wandle, farm build- 
ings and cottages, has been £18,000. The annual sinking 
fund and interest upon the above was last year £7,352, and 
adding for working expenses and allowing for receipts for 
produce, the net annual cost has averaged during the past 
three years £7,074. 
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Sanitary. — The number of persons living in the fifteen 
houses on the farm is seventy-two, and their general health 
is extremely good. The population of the parish of Bedding- 
ton in which the farm is situated is 8,015, and the death-rate 
in it during the past two years has averaged 7*82 per 1,000. 
The parish is sewered, the sewage passing into the Croydon 
Rural Sanitary Authority's system of drainage, and being 
treated at the Merton Sewage Farm, some three miles distant. 

There is no diflSeulty in cleansing the sewage in the severest 
frost. The practice is to flow it over ploughed land that will 
be sown with mangold and also over the worst rye-grass plots. 
Ice is formed on the surface, but the sewage flows underneath 
it, and the purification still goes on although it requires more 
area and the effluent may not be quite so good as at other ^'^ 

times. 

Effluent Water. — The effluent water passes into the river 
Wandle, which is usually a clear pellucid stream of chalk 
water, and rises from springs within 3 miles of the farm 
outlet. The usual relative volume is about one of effluent 
to eight of river-water. Mr. Walker, M. Inst. C.E., Borough 
Engineer of Croydon, has assisted the author in the preparation 
of the foregoing details. 



CHAPTER XII. 

BEDFORD SEWAGE FARM — IRRIGATION. 

In 1879 two prizes, each of the value of £100, were offered 
by the Mansion House Committee in connection with the 
London International Exhibition of the Royal Agricultural 
Society of England for the best managed sewage farms in 
England and Wales. The prizes were accepted by the Council, 
and one of them was ofiered in Class I., for sewage farms 
utilising the sewage of not more than twenty thousand 
people. 
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The Bedford and Wrexham sewage farms divided the prize 
Iq Class I., and the Bedford farm forms the subject of the 
present chapter. 

By consent of the Council of the Royal Agricultural Society 
the Report of the Judges — Messrs. Baldwin Latham, Clare 
Sewell Read, and Thos. H. Thursfield — is given nearly in 
extenso, but is corrected in some particulars so as to fairly 
represent the present condition of the farm. 

"Farm. — ^This farm is held under five separate owners, to 
whom the following rents are paid by the Corporation of 
Bedford : — 



OWKCRB. 


Acreages. 


:Bent Paid. 


Duke of Bedford 


A. B. P. 

43 2 11 


£ *. d, 
196 


Captain PoUiiU Turner, M.P., . 


80 


426 


Rev. J. G. C. Campion, .... 


20 1 27 


130 


Corporation of Bedford, .... 


27 2 34 


124 


Hospital of St John, 


11 1 30 


51 10 


183 22 


927 10 


Add paid to London ft NorthAVestem Railway Company 
for sewer crossmg under Railway, .... 


1 1 






928 10 



** The farm was established in 1868, and is managed for the 
Corporation of Bedford by Mr. J. H. CoUett, and it receives 
the sewage of the borough of Bedford, which contains a 
population of 27,000 persons, and is of the ratable value 
of £105,000. Of the 183 acres rood 22 poles, 153 acres 
1 rood 2 poles are arable, and 29 acres 3 roods 20 poles 
pasture ; and 153 acres of the farm are irrigated with sewage. 
The soil of the farm is light land, the subsoil being gravel. 

'^Experiments on absorption have been made with two 
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samples of the soil, which show, on an average of three 
experiments with the most sandy soil, that it is capable of 
absorbing 33*6 per cent of its weight in water, and that the 
more loamy soil would absorb 42*3 per cent, of its weight 
in water. As a rule, the smaller the percentage in water 
absorbed the greater is the percolating power of the water 
through the soil. 

" The sum of £6,950 has been expended upon this farm and 
upon the works necessary for lifting the sewage upon it, the 
expenditure being divided as follows : — 

Cost of land on which pumping works are placed, . . £250 
Engine and boiler-house, .... £779 15 2 
Pump, engines, &c., .... 969 17 3 
Cast-iron delivery main, .... 748 4 4 
Miscellaneous, ...... 352 18 10 

28oO 15 7 

Compensation, 53 1 

Farm buildings, 603 11 8 

Labour, laying out farm, makiog roads, &c., £1213 9 1 
Horse-hire for ditto, .... 331 3 9 

Pipes, bricks, &c., used on farm, . . 1647 19 7 

3192 12 5 



£6950 8 



" Pumping^ and Distribution. — The sewage from Bedford 
is brought by gravitation to the site of the pumping station, 
which is situated upon land contiguous to the farm and 
adjoining the river Ouse, into which there is a storm-water 
overflow. When the river is in flood, we were informed that 
the sewers were liable to be flooded from the leakage into 
the outfall sewer; and at such times the sewage, with the 
exception of such portions of the solids as are retained by 
a grating, is turned directly into the river, as we found on 
our second visit to this farm, when the whole of it was passing 
into the river. At the pumping station there are a pair of 
horizontal high-pressure engines working centrifugal pumps, 
which are employed to lift the sewage on to the farm. The 
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following figures show the acreage and the height to which 
the sewasre is lifted: — 

Sewage requires to be lifted 21 feet. 

• i> >> l** >> 

Not irrigated. 

** At the sewage pumping station there is a tank with an 
iron screen across it, wliich intercepts some of the solid matter 
from the sewage, and a man is engaged to keep this screen 
free. The matter removed from the sewage, which is a 
comparatively small quantity, is either used upon the con- 
tiguous garden or upon the farm. The pumping is usually 
only carried on in the daytime. At night the sewage is stored 
in the sewers, and the average daily quantity pumped is 
950,000 gallons. The quantity of coal used daily to raise the 
sewage averages 21 cwt. The sewage having been screened, 
is pumped through an 18-inch iron delivery-main, having a 
15-inch iron branch delivery -main to one part of the farm; 
from thence it is distributed in earthenware pipe-carriers which 
vary in size, from 18 inches to 9 inches in diameter, and are 
laid in embankments above the surface of the land. The distri- 
bution of the sewage over the land irrigated is through earth-cut 
channels, which are ploughed or dug out from time to time as 
required. A small portion only of the farm, about 5 acres in 
extent, has been under-drained with 2-inch pipe-drains, 60 feet 
apart and 3 feet deep. Very little etfuent was flowing 
through these drains at the time of our inspection, but the 
whole of the fields of the sewage farm are surrounded by deep 
ditches, which tend very materially to drain the subsoil. We 
were informed that if the circumstances had admitted of a 
greater depth being given to the land drains, they would have 
been placed lower, but the falls in this case would not admit 
of the drains being laid deeper. 

** Crops.-— A great variety of crops are grown upon this 
sewage farm, which is treated as a combined sewage farm and 
market garden. It is somewhat singular that the peculiar 
crop, whatever it may be, that suits the neighbourhood, seems 
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to flourish under sewage. Lucerne is a plant which we would 
not select as the most likely to be benefited by sewage, yet 
in Paris it is almost the only gi'een crop grown on the sewaged 
land, it being the favourite provender of the district So 
onions, that are grown in great profusion around Bedford, 
seem to flourish upon sewaged land, and appear the most 
profitable crop to grow. The following table which was 
handed to us by the farm manager, shows the acreage and the 
value of the produce for the four years 1875 to 1878, and an 
examination of the accounts for 1878 showed that the income 
and expenditure had been as in the table on p. 135. 

"It will be seen from the statement of account on p. 136 
that if the cost of pumping the sewage is deducted, which is 
fairly not an item of farm expenditure, the farm shows a 
profit. At least half the farm is very poor land, which is 
hired at a stiff" price, three times what it is worth to an 
ordinary farmer. The Corporation, however, have the advan- 
tage of farming a portion of the land under the Duke of 
Bedford, and therefore came in for an abatement of half a 
year's rent during the past year (1879) ; and, moreover, the 
land subject to this abatement in rent is some of the very 
best on the whole sewage farm. 

" The cropping of the farm for the past year (1879) was as 
follows : — 



K. P. 



A. 



P. 



Potatoes, . 






. 12 


Brought forward. 


.129 3 20 


Rye-grass, 






. 20 


Winter beans, . 


3 


Rhubarb, . 






20 


Kidney beans, . 


1 1 


Cauliflowers, 






6 


Swedes, . 


3 


Prickly comfrey 


1 




1 


Cabbage (spring). 


4 2 


Barley, 






. 4 1 


Lettuce, . 


20 


Onions, 






20 1 


Asparagus, 


1 20 


Parsnips, . 






3 1 


Currant trees, &c., . 


2 


Carrots, . 






6 1 


Meadow (let), . 


. 22 2 


Wheat, . 






. 16 


Pasture in hand, 


7 2 


Mangolds, 






. 26 


Savoys (cabbage). 


.500 


Oats, 


. < 


15 2 


Roads, carriers, &c., 
Total acreage of farm, , 


6 1 2 


Carry forward, 


,129 3 20 


. 183 22 
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BEDFORD SEWAGE FARM. 1 3/ 

•* Rye-grass, — ^The rye-grass on this farm is allowed to stand 
for two years. It is sown in the autumn or in the spring, 
as circumstances require. Experience, however, at Bedford 
shows that this crop has deteriorated in value, so that last 
year not more than £7, 13s. 4d. per acre was realised for it. 
This falling off in value is principally due to the fact that 
there has been such an abundance of grass during the last two 
years that there has been no great demand for the rye-grass. 
The green crops yield nothing like the sum they ought to 
produce. This is due, in a measure, to the fact that the 
Corporation have to sell the produce in a district which is at 
all times well provided with green food. The chief drawback 
to this farm appears to be the absence of live stock, but we 
understand that the Corporation, since our last inspection, 
have erected a complete set of farm buildings to accommodate 
twenty-four milking cows, with open sheds for young stock, 
and piggeries; also, a residence for the farm manager; and 
they may reasonably expect that a well-managed dairy-farm, 
BO conveniently situated for the sale of milk, will pay fairly 
well. 

" Potatoes. — Potatoes are planted on the flat, 18 inches to 
30 inches from row to row, and the distance of the tubers in 
the rows varying from 15 inches to 18 inches apart, depend- 
ing upon the variety of potato grown. Early ashleaf and 
magnum bonum are the kinds most liked. The potatoes are 
full of top. A dressing of stable-dung is applied to the land. 
The potato-crop is not irrigated with sewage during the 
period of growth. The farm manager reported, November 
7th, 1879, that the magnum bonum potatoes are entirely free 
from disease, and that they have just finished digging upwards 
of 30 tons of splendid stuff, the produce of 7 acres. 

*^ Mangolds, — Mangolds are planted on the flat, as are all 
other crops on this farm, the idea being that in the case of 
land laid out as at Bedford in short plots on a quick fall, the 
sewage is more readily applied to the crop on the flat than if 
the crop were planted on ridges ; for if the ridges ran with the 
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fall, the sewage would rapidly flow down the comparatively 
short length of the fields into the ditches at the bottom; and 
if the land is ridged across the fall, even if every ridge was 
an exact contour of the land, very uneven distribution of the 
sewage would take place. The objection to the flat system 
adopted at Bedford, on account of the physical features of the 
land, appears to be that the sewage is liable to pond in places, 
on account of the unevenness of the ground, and that the 
growing crop is liable to be soiled by direct contact with the 
sewage. The mangolds are drilled in rows 26 inches apart, 
and are hoed out to 12 inches from plant to plant, the 
quantitj'- of seed sown per acre being 5 lbs. The early sown 
mangolds, both here and on other farms, have run to seed. 
The mangolds on this farm ai*e a good plant ; one field 
especially, which was sew^aged in the winter was capital; 
they are irrigated from time to time during the period of 
growth. 

*' Onions, — The seed is drilled in rows 8 inches apart. 
The bulbs of the onions should be from 4 inches to 6 inches 
apart in the rows. The quantity of seed sown is from 8 Ibs. 
to 10 lbs. per acre, depending upon the quality of the land and 
the time of sowing. The cost of cleaning this crop is about 
£5y 10s. per acre in ordinary seasons. This year the wet 
weather has interfered very much with the cleaning, and the 
weeds have been a great trouble. The onions are thinned out 
the second time of cleaning. This crop was very fair for the 
season, but in places where the water lodged, the plant was 
destroyed. The crop is not irrigated with sewage while 
growing, but sewage is applied to the land before the seed is 
sown. 

^^ Cabbage, — ^This was a good crop, considering the severe 
winter, and sold at 8d. per dozen, delivered on rail for Man- 
chester. Cauliflowers are usually planted in June and cleared 
in October. It is a crop that answers well on this farm. 
Both cabbage and cauliflowers are planted in rows, so that the 
plants are 2 feet distant from each other. The land previous 
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to planting is marked out both ways with a drill. The 
precision thus gained in planting the crop is found to give 
greater facility for afterwards using the horse-hoe. 

^'Prickly Comfrey, — A small quantity of this crop is grown 
for horse-fodder. The roots were planted in March, 1878, and 
the crop was cut three times in that year. The roots are 
planted 24 inches apart each way, and the crop is said to take 
any amount of sewage. The manager states that he believes 
it to be impossible to damage this plant with sewage, for the 
crop had been continuously flooded with sewage for three 
weeks in succession, and this treatment was found more 
beneficial than otherwise. 

^Carrots, — Carrots are drilled in rows about 12 inches 
apart, and the plants are from 4 to 6 inches distant in the 
rows. Carrots are not sewaged during their period of growth. 
The crop, which did not appear to be a very good one, has, we 
learn, been sold, and produced nearly £16, 10s. per acre. 

" Parsnips. — The parsnips were a very fine crop ; they are 
drilled in rows about 12 inches apart, and the plants are from 
8 to 10 inches apart ; 7 lbs. of seed per acre is used. 

^Swedes, — A small quantity of swedes are grown, but they 
have not been sewaged. They are drilled in rows 24 inches 
distant, and the roots are hoed out to 12 inches apart; 3 lbs. 
of seed per acre is drilled. 

'* Bhubarb, — A small quantity of rhubarb is grown, but on 
that part of the farm which is seldom sewaged. The roots are 
placed at a distance of 4 feet apart, and they are moved once 
in every five years. 

" Wheat. — ^Red Browick is the variety grown. The crop 
was level, heavy, and good, and followed potatoes. The land 
had not been sewaged for two years, and the crop was not 
sewaged during the period of growth. 

" (kUs, — White Polish are the sort grown ; they were a very 
good and heavy crop. This crop was sown on land in which 
parsnips and mangolds had been grown the previous year. 
The parsnips had not been sewaged when growing; the 
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mangolds were sewaged while under cultivation. The oat 
crop looked much better on the part following the mangolds 
than on that following the parsnips. This crop, like all other 
cereal crops, is not sewaged during the period of growth. 

" Barley. — ^This was a heavy crop, but lodged. It was sown 
on land that had grown mangolds the previous year, and the 
land had been sewaged after the mangolds had been removed 
at the end of the year 1878. 

'* Celery. — Celery is grown on this farm, and it is found to 
be one of the best sewage crops grown. The trenches for the 
i*eception of the young plants are well sewaged before planting, 
and the crop is greatly benefited by the frequent dressings of 
sewage during the period of growth. The sewage is applied 
between the rows. 

** Lettuces, dsparagua, and other small garden crops, are 
grown on land that receives an occasional dressing of sewage. 

" Rotation of Cropping, — A portion of this farm being liable 
to flooding, it is found impossible to carry out, on this account, 
any regular system of rotation of cropping. On some of the 
land the following system is observed : — First, rye-grass for 
two years ; second, mangolds ; third, wheat or oats ; fourth, 
onions or potatoes, followed by rye-grass. 

*' Horses. — Six strong Shire-bred horses are employed on 
this farm solely for working the land and for other farm 
operations. In the summer, the horses are principally fed on 
rye-grass, and in the winter on beans, oats, and chaff, with a 
considerable amount of roots, carrots being generally used 
until Christmas, and mangolds afterwards. The manager 
reported that this course of feeding keeps the horses parti- 
cularly healthy. He also reported, in answer to special 
inquiry, that he never had a greasy legged horse on the farm, 
and does not consider the horses on the sewage farm more 
liable to that, or any other disease, than on farms under 
ordinary cultivation. He further reported that the veterinary 
surgeon's bill on this sewage farm, during the last four years, 
averaged about 3s. 6d. per horse. 



BEDFORD SEWAGE FARM. I4I 

^Sanitary Beault — Eight persons reside on the farm, six 
of whom are children, and about twenty men and boys are 
engaged on the farm who do not reside on it. Mr. J. H. 
CoUett, the farm manager, reported — 

" ' No man, either living or working on the farm, or any man 
living near, has ever suffered from any epidemic disease. 

" ' No man ever employed on this farm for a sufficient length 
of time to have felt the ill-effects of sewage has died up to the 
present time, neither has there been a death of any resident, 
young or old. 

"*I can give you no other information on this point, 
excepting that my men have been particularly healthy, and 
I have never heard the men employed on this, or the 
adjoining farms, or any person living near, ever complain of 
injury or annoyance from our utilisation of sewage.' " 

The general account and balance sheet for the year 1888, as 
given upon pages 142 and 143, are interesting, as showing the 
position of the farm ten years after the date of the Report 
given above. 
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BOEOUGH OF BEDFOBD.— 

IRRia A. 

GENERAL ACCOUNT AND BALANCE SHEET FOR 



To Live Stock, comprising Working Horses and Colts, 
Daily Cows and Young Stock, and Breeding Pigs, in 
hand Ist January, 1888, .... 

Cultivations, Seed and Labour, Roots, Potatoes, Onions, 
Plants, kc, in hand ist January, 1888, 

Com in Stack and Granary, Hay and Straw at Market 
value, in hand J st January, 1888, 

Glass Houses and Tenants' Fixtures, Hovels and Fences, 

Dead Stock and Dairy Vessels, in hand Ist January, 



99 

>» 
>» 



£d99 16 
990 15 



,593 12 
214 12 








501 8 6 



Labour, ....... 

Manager's Salary, ..... 

Corn, Keep, and Straw purchased, 

Com, Kye-grass and Hay consumed, produce of Farm, . 

Seeds and Plants, ...... 

Auctioneers' Commission and Expenses, 
Live Stock purchased , . 

Dead Stock purcliased, including Implements and Fences, 
Rents — 

To J. G. Coventry -Campion, Esq., 
Duke of Bedford, 



** 
i> 
** 
>t 
it 
ti 
It 
♦» 



£3,900 3 
801 11 
150 
298 7 
590 

90 19 U 

28 14 

36 10 

28 3 



6 
8 

1 





10 



tt 
)l 
ft 
»« 
ft 
l> 
tt 
tf 

f> 
f> 
}> 
ft 
ft 
tt 



tt 



Hospital of St. John, 

F. E. F. Polhill-Tumer, Esq., 



i» 



f I 



Corporation of Bedford, 

Trustees of Bunyan Meeting, Bedford, 

L. and N.-W. Railway Co., Sewer under Railway, 



Poor Rates, . 

Income Tax, . 

Land Tax, 

Insurance, 

Miscellaneous Bills, 

Veterinary Surgeon's Contract, 



£130 

196 

35 

34 

426 

19 10 

124 

85 

1 






6 







3 








To Balance brought down, . 



1,050 16 3 

87 12 5 

37 18 11 

11 15 8 

9 6 

133 15 9 

10 

£6,66396 

£414 8 7 



Name of Landlord. 

J. G. Coven try -Campion, Esq., . 
Urban Sanitary Authority, late Duke of 
Bedford, .... 



ft 



Hospital or St. John, 

F. E. F. Polhill-Turner, Esq., 



tt 



ft 



Corporation of Bedford, . 

Trustees of Bunyan Meeting, Bedford, . 

L. and N.-W. R. Co., Sewer under Railway, 





Rent 


Annual 


Acx^eage, 


per Acre. 


Rent. 


A. R. P. 


£ t. 


<L 


£ t. d. 


20 1 27 


6 7 


4 


130 


43 2 11 


4 10 





196 


7 3 13 


4 9 


6 


35 


11 1 30 


3 





34 6 3 


80 


5 6 


6 


426 


6 2 


3 





19 10 


27 2 34 


4 9 


5 


124 


23 1 


3 7 


4 


85 


• « • 


• • • 




10 



222 



35 @ £4 14 4 £1,050 16 3 
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TJEBAN SANITAET AUTHOBITT. 
TION FA-RM. 

THE YEAR ENDING Slat DECEMBER, 1888. 

By Live Stock, compriBing Working Horses, Colts, 
Cows, Bulls, YouDg Stock and Pigs, in hand 31st 



»f 



>9 



It 



39 



ti 

f> 
}f 
>1 
99 



December, 18S8, 

Dead Stock, comprising Implements, Dairy Imple- 
ments, &c , in hand 31st December, 1888, . 

Produce, comprising Roots, Onions, Potatoes, Garden 
Produce, ftc, in nand 31st December, 1888, 

Com in Stack and Granary, with Straw and Hay, at 
Market Value, in hand 3l8t December, 1888, 

Glass Houses, Hovels, Plants, &c., at Newnham 
Walls, in hand 31st December, 1888, 

Sales by Auction, ..... 
Sales by Manager, ..... 
Com, Kye-grass, and Hay consumed, as per contra, . 
Income Tax, repaid, ..... 
Land Tax, repaid, ..... 
Balance carried down, ..... 



£1,106 11 




6 



360 10 

1,119 9 11 

679 12 1 

178 13 6 



Cr* 



£3,444 17 

370 16 11 

1,806 16 8 

590 

24 15 8 

11 15 8 

414 8 7 



£6,663 9 6 

JOSHUA HAWKINS, Mayor, 

J. W. D. HARRISON, Chairman, 

JOHN ELWORTHY CUTCLIFFE, 

ROBT. P. JARVIS, 

CHARLES ASTELL, 

JOHN BARRAND, 

THOS. C. MAY, 

JAS. POTTER, 

W. E. TAYLOR, 

T. S. PORTER, Clerk to the Urban Sanitary 

Author ill/. 
JOHN H. COLLETT, Farm Manager. 




12th Febrttcay, 1889. 
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CHAPTER XIII. 

DEWSBURY AND HITCHIN — INTERMITTENT FILTRATION. 

The two accompanyiog plans illustrate the purification of 
sewage by means of intermittent filtration through natural 
soil, as carried out at Dewsbury (Yorkshire) and Hitchin 
(Hertfordshire) by Messrs. Bailey-Denton, Son & North, of 
Palace Chambers, Westminster. They are given as instances 
of that method of sewage disposal because they embrace 
points, of considerable interest dissimilar in character one 
from the other; though each is typical of several towns 
throughout the country. 

1. DEWSBURY. 

Dewsbury, which has a population of 30,000 people, with 
a ratable value of £106,767, is a manufacturing town of 
importance situated on the river Calder. It may be classed 
with towns in which water-closets and middens are mixed, 
and as being a commercial centre of importance in which 
the quantity of trade liquid and dye-refuse admitted into the 
sewers is very considerable. The sewage farm consists of over 
70 acres, 50 of which are laid out as filtration areas, while 
some 10 or 12 acres of higher ground serve for surface 
irrigation. The sewage has to be lifted to both levels. The 
soil for the most part is porous and of a sandy character, very 
suitable for filtration. The crops grown are principally roots 
and rye-grass, which succeed very well, and have in dry 
summers proved of great value. The sewage is distributed 
through the filtration areas by means of furrows. By this 
means the liquid is not allowed to come into contact with the 
leaves of the growing vegetation, but spreading laterally 
through the soil, reaches their roots, and can be applied during 
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INTERMITTENT FILTRATION. 1 45 

almost any stage of growth without disadvantage. The posi- 
tion of the sewage furrows is changed every one or two years, 
80 that as much land as possible may derive benefit from 
mixture with the sludge, which is taken out of the furrows 
when the sewage is not under distribution. It is spread 
over the level beds or lands on each side at times when 
there are no crops growing upon them, and then dug or 
ploughed in. 

The last season at Dewsbury was not propitious for sewage 
farming. It was very wet, but general satisfaction was, never- 
theless, expressed by the Council, as in better seasons the 
farm pays its way (1888). 

The work of surface preparation at Dewsbury proved ex- 
pensive, owing to the outlay incurred in forming the surface 
into larger horizontal areas than usual, but the cost on the 
whole farm did not exceed £110 an acre. 

The principal feature of this scheme is the evident capability 
of the soil to purify by filtration much more than the sewage 
proper discharged from Dewsbury, assuming that the surface 
waters had been carefully excluded from the sewers, the trade 
liquid properly regulated, and the larger solid organic and 
mineral matters properly screened and separated from the 
liquid before it reached the land. At present, however, the 
Borough Authorities have desired not to spend the money 
required on separating the solid matter from the liquid^ 
therefore, the whole quantity is run into the sewage 
furrows. 

The farm manager writes that " the crops are doing well, 

some of the land being cropped four times, whilst the effluent 

is always good. Indeed, many mill-hands came down to bathe 

at the outlet, it being the only clear water for miles that 

they can bathe in." This fact is striking, because it was 

from this part of the river Calder that the Rivers' Pollution 

Commissioners took the water wherewith to write their 

"memorandum," in lieu of ink, showing the condition of the 

river. 

10 
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2. HITCHIN. 

The second example of intermittent filtration at Hitchin 
(Hertfordshire) presents more than ordinary features of im- 
portance, for it shows that in spite of difficulties, an effluent 
admissible into a running stream can be obtained with 
certainty, even when the filtering medium is peat of a boggy 
nature. 

Hitchin is a town with a population of 10,000, and a ratable 
value in 1888 of £27,803, and it is essentially a water-closet 
town. 

Mr. Bailey-Denton was called in by the Local Board of 
Hitchin some ten years ago, owing to the failure of the lime 
process, which was partially adopted there to purify the 
sewage before its admission into the river " Hiy," the conse- 
quence being that the fish in the river were killed, and the 
cattle on the grazing land below the outlet were unable to 
drink the water of the river. 

Hitchin is situated at the junction of the chalk with the 
greensand formation, at the base of the northern escarpment 
of the London basin. 

The sewage farm consists, for the most part, of peat mixed 
with gravelly clunch (lower chalk). £2,300 was spent in 
laying it out for sewage purposes. 

Mr. Bailey-Denton recommended the Hitchin Local Board, in 
the first instance, to acquire 30 acres and lay out 27 for 
filtration, but that Authority rejected this advice, and instead, 
acquired about 22 acres, of which only 19 were actually avail- 
able for use. Besides the natural unsuitability of the soil there 
is another special drawback to filtration and to in-igation at 
Hitchin, arid that is, that the main outfall sewer of the town 
was originally laid under the bed of the river; and, although 
some portion of it has since been taken out and relaid at 
some distance from the river, there still remains a good 
deal of it which has never been touched, and which, con- 
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sequently, admits through its leaky joints a copious quantity 
of river-water. The constant addition of surface-water to 
the "sewage proper" from this source, and from the "sub- 
soil" in which the internal sewers of the town are laid, 
swells the total quantity of dilution to more than the whole 
of the water-supply of the town. Moreover, the work of 
sepaititing the rain-water from the sewage has only been 
partially affected, with the result that if only a shower of 
rain falls on the town, the outflow from the sewers is suddenly 
increased to an amount equal to that of the sewage proper. 
The consequence of this extra addition of liquid has been that 
the land has had to be very closely under-drained, whilst to 
secure a constant discharge, the under-drains have to be 
frequently flushed to keep them free from sedimentary and 
obstructive matter. 

The land is laid out in a similar manner to that at Dewsbury, 
excepting that the beds are narrower, the under-drains more 
frequent, and the sewage furrows far more numerous. 

The position of the sewage furrows is changed every winter 
or early spring, and when doing this care has to be taken that 
they are not placed immediately over the under-drains but at 
some distance from them; for, if cut immediately over the 
drains, the sewage passes straight down to the pipes without 
purification being secured. 

The management of the sewaged land is now in the hands 
of a committee of the Local Board, and it is not, we under- 
stand, farmed at a loss. Mangolds and rye-grass are the 
principal crops, whilst osiers are grown on a certain portion of 
the land which is not closely under-drained. Eoses and straw- 
berries prosper under moderate doses of sewage. 

The sludge is treated in a similar manner to that practised 
at Dewsbury, and the contents of the tanks when emptied are 
placed on any portion of the land requiring it. 

The accompanying analysis of a sample of the efiluent, taken 
by the surveyor of Croydon, may be of interest. 
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HITCHIN — ^FORFAR. 

•• ANALYTICAL REPORT. 

** Labobatobt, 
« 7 Westminster Chambebs, S.W. 





Gbaxhb pbb Gallon. 


Pakh pkb Miluov. 


8oUd& 


Ghlorlneu 


Free 
AmmonU. 


Albnmlnold 
Ammonia. 


Sample of 'effluent water 
from the sewage farm 
at Hitchin,' sent by the 
Croydon Local Board, . 


[ 36-3 


3-3 


5-00 


100 



** This is not drinking water ; but it may be discharged into a stream. 

(Signed) *' J. Alfred Wakkltk." 

Students and others interested in the purification of sewage 
by means of intermittent filtration would do well to visit 
such places as Abingdon, Malvern, Barnsley, Hitchin, Kendal, 
Merthyr, and Forfitr. 

In the case of Forfar we understand that last year there 
was a surplus of £82, 14s. lOd. after payment of all outgoings 

FORFAR SEWAGE DISPOSAL. 

Analyses of Samples of Water from Forfar Sewage Works, 

taken jult, 1888. 





Natnral 
Sewage. 


Sewage 

after paaaing 

through 

Area. 


Solids Dissolved, . 
Chlorine, . 
Free Ammonia, . 
Albuminoid Ammonia, 

Suspended Matter, 

Nitrate, 


Grains per gallon. 
Parts per million, 

l» 99 • 

Organic, grs. per gallon, 

Inorganic, „ 

Nitrate of Soda, . 
(Grains per Gallon). 


37-6 

6-2 

690 

2-5 

21-0 

23-6 

None. 


36-5 

3-7 

0*12 

0*78 

None. 

None. 
9*6 



1 



M 



c 



> 



4 
I" 



INTERMITTENT FILTRATION. 1 49 

(on the farm of 40 acres, of which only 24 acres are laid out 
for sewage treatment). We append an analysis of the natural 
sewage and of the purified effluent taken at this place on the 
24th July, 1888, and would add that Dr. A. P. Aitken, the 
chemist to the Highland and Agricultural Society of Scotland, 
who made the analysis, regards this example as a most re- 
markable one, showing the excellence of intermittent filtration 
when carried out under favourable circumstances, and has 
publicly expressed the opinion that Corporations who have 
the sewage difficulty to face should make a careful inspection 
of the Forfar works. 

The author is indebted to Mr. Bailey-Denton, M. Inst. C.E., 
Engineer for the works, for the foregoing particulars, and for 
the plans (Plates 10 and 11). 



CHAPTER XIV. 

MEKTON, CROYDON RURAX SANITARY AUTHORITY. 

Population, &C. — Population draining to works, 22,500. 

Ratable value of drainage district, £134,555. 

Water-closets, general. 

Dry-weather sewage flow, 1,500,000 gallons per diem. 

The sewage flow is large in consequence of the sewers being, 
for the greater part, laid in very wet ground, and the mileage 
being high per 1,000 of the population. 

The Sewage Disposal Works were constructed by the 
Croydon Rural Sanitary Authority, for the prevention of the 
pollution of the river Wandle by the sewage from the parishes 
of Beddington, Merton, Mitcham, and Morden, and the hamlet 
of Wallington. So serious had this pollution become in 1878, 
that a riparian owner obtained a perpetual injunction against 
the Rural Sanitary Authority, in consequence of which, im- 
portant works of main drainage and sewage disposal were at 
once proceeded with. 
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Previous to this, however, in 1873, Sir Joseph Bazalgette, 
Past Piesident Inst. C. K, was consulted, and after reviewing 
the various methods of sewage disjiosal in operation, pro- 
nounced himself as being in favour of irrigation, and selected 
a site for a sewage farm in the Beverley-brook valley, on 
stiff London clay. 

Subsequently, a proposal was made for the extension of the 
West Kent outfall sewer to Merton, and the reception by it of 
the sewage of the combined district, but as the ultimate dis- 
posal of the sewage could not be clearly foreseen, the project 
fell through. 

In 1874 Mr. Baldwin Latham, M.Inst. C.E., prepared a scheme, 
also selecting a site for an irrigation farm in the Beverley- 
brook valley. The Eural Sanitary Authority were given the 
refusal of the land for a limited period of time, and upon the 
expiry of the limit the offer was withdrawn, although in the 
meantime the necessary surveys and plans had been prepared. 

Mr. Baldwin Latham next selected three sites for filtration 
works in the Wandle valley, a smaller area of land being 
advisable in consequence of the much higher prices obtainable 
for land in that valley, as compared with the more remote 
Beverley-brook sites. In the Wandle valley, however, the 
land consists largely of alluvium, and is generally of a gravelly 
nature. 

Eventually, a site situated ])artly in each of the parishes 
of Mitcham and Wimbledon was purchased, and a new 
survey was made and plans w^ere prepared. After the 
inevitable Local Government inquiry had been held, and 
sanction to the scheme had been obtained, a contract with 
B. Cooke & Co. was entered into by the Rural Sanitary 
Authority, and the whole of the works, comprising 55 miles 
of main sewers, and the sewage disposal works, were executed 
during the years 1878-9-80. The author was engaged upon 
the various surveys and in the preparation of the plans, and 
acted as Resident Engineer during the construction of the 
works. 
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The sewage is collected and conveyed to the disposal works 
by means of two outfall sewers, one of which was constructed 
at a level suflSciently high to admit of its contents gravitating 
to the filtration area, whilst the low level sewage has to be 
pumped, its quantity being about one-tenth of the total 

Tanks. — ^All the sewage is received into two tanks, an 
arrangement of valves admitting the use of one tank only, 
whilst the other is being cleansed. The mode of constractian 
of these tanks is shown upon the plan (Plate 12), it will be 
obs^ved that they are merely straining tanks, being much 
too small to act as settling tanks. A wall of coke is placed 
across each tank in order to act as a filter for the retention of 
the grosser solids. 

On cleansing a tank, the sludge is admitted into the sludge- 
pit, whence it is pumped into filter-presses, which are provided 
for its treatment 

Distribution of Sewagre. — The partly clarified sewage is 
then conveyed to the filtration-area, where it is disposed of 
upon the intermittent downward filtration principle. 

The land is 28 acres in extent, and its composition varies 
greatly; in some portions it is of an open, gravelly nature, 
whilst in others it is sandy and peaty, and in one portion 
clay was met with. 

It was of importance that, in a limited area, as much 
subsoil water as possible should be shut out, and for that 
purpose a clay puddle wall, 2 feet in thickness, was con- 
structed around the entire area. Throughout the work the 
ti*ench for the clay puddle was carried down to the London 
clay — which everywhere exists beneath the subsoil of the 
filtration-area. A large cemetery is situated upon part of 
the eastern boundary of the land, and having regard to 
the nature of the drainage water found in the gravel beds 
adjoining this cemetery, a puddle- wall was an absolutely 
necessary condition to the purity of the effluent. In conse- 
quence of the land being 1000 yards in length and only 
140 yards in breadth, the puddle-wall encloses a small area 
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compared with its length, and its cost per acre is necessarily 
high. 

Drainage. — The land was sparingly under-drained, a main 
drain being constructed under the central road, and a drain 
was placed under each cross-road; a drain was also placed 
inside the puddle- wall, and connections with the main dmin 
were made at intervals of about 400 feet, thus dividing the 
filtration -area into a series of sections, upon which the sewage 
is applied upon the intermittent principle. 

The average depth of the drains is 6 feet, thus there are 
271,000 cubic yards of filtering material enclosed by the 
puddle- wall, or 12 cubic yards per head of the present popu- 
lation. 

Filtration. — Upon making the excavations for the drains, 
a bed of clay, 5 acres in extent, was met with, and this was 
burned into ballast, and an artificial filter was constructed in 
the manner shown upon the drawing (Plate 12). The ballast 
was spread in layers with a thickness of 3 inches, inter- 
posed between which was porous soil taken from high por- 
tions of the land. An excellent, but costly, filter was thus 
constructed in place of the impervious clay, and, so far as 
the author is aware, the method was here employed for the 
first time. 

The surface of the filtering area was laid out in a series of 
level beds; great care was taken to restore the surface soil 
to its original position. 

The two plots nearest the pumping station necessitated 
novel treatment, in consequence of their proximity to the 
residence of the riparian owner, already referred to, about 
100 yards only separating them. After being under-drained, 
the surface of the ground w^as lowered to the irrigation level, 
and then rows of 9-inch perforated pipes were laid upon the 
surface, and were connected with the sewage carriers, each 
pipe being provided with a sluice at the point of junction. 
The rows of pipes were laid at distances apart of 16 feet 
6 inches, and the entire area was then covered with a bed 
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of coarse screened gravel, 1 foot in thickness, upon which 
was placed the surface soil. The sewage is thus applied 
beneath the surface, and the results have so far been satis- 
factory. Fine vegetables are grown upon these plots, the 
moisture being brought to the roots by capillary attraction. 

Crops. — ^The greater part of the land has hitherto been 
cropped with rye-gi-ass, but having regard to the comparatively 
large volumes of sewage applied per acre, and to the fact 
that the suspended matters are only partially removed from 
the sewage, and also that the grass is frequently submerged 
to the extent of several inches when sewage is applied, the 
author is of opinion that osiers alone should be grown, unless 
the system of ridge and furrow be adopted. A commencement 
with osiers has been made, and it will probably become the 
future crop upon this farm. 

One of the main carriers is constructed of concrete, the other 
of 18-inch stoneware pipes, jointed with cement-mortar, and 
made watertight. An outlet from each carrier is provided at 
distances apart of 33 feet, the sewage being discharged into 
ordinary grips cut in the surface of the soil. Each outlet is 
provided with a stoneware block having a ground face and 
iron lugs, and fitted with a wooden shutter, for the pui*poses of 
regulating the distribution of the sewage. 

Sewag^e Fungous Gases. — A somewhat curious, but very 

instructive, law-suit arose in connection with this sewage farm. 
In order to provide an outfall for the efSuent, of sufficient 
depth to admit of deep drainage at the lower end of the farm, 
a site for its discharge had to be found lower down the valley 
below the second mill. In consequence of the position of the 
Metropolitan boundary restricting the routes available, the 
Rural Sanitary Authority having no power to construct works 
within the Metropolitan area, the outfall was made to dis- 
charge into a large pond at the head of a bye-wash, whence 
the effluent flowed to the Wandle. A riparian owner brought 
an action against the Rural Sanitary Authority to restrain 
them from discharging their effluent water into this pond. 
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upon the ground that its water was polluted by reason of 
such discharge. As a matter of fact, although fi-equent analyses 
of the effluent were made, and its condition from the chemist's 
point of view was quite satisfactory, yet it contained sewage 
fungus, in somewhat large quantities. This curious plant 
grows freely in the under-drains of the farm, and is constantly 
broken off and brought out in the effluent water. The author 
examined a great number of samples, and found it to consist 
not only of the well-known Beggiatoa alba, but of enormous 
quantities of vorticellce as well These solid matters settled 
in the pond at the head of the bye-wash, and upon the sluice 
gates between the river and the pond being periodically 
opened, the water rushed in with great velocity, stirred up 
these deposits^ and for a few minutes the pond presented a 
very filthy appearance. 

The following extract from the judgment may be of 

interest, as this was the first " sewage-fungus " case : — 

*'The water which flows into the bye- wash (and here I 
speak partly from personal observation) contains in it a very 
large quantity of what is called sewage-fungus. The evidence 
about that substance was interesting and curious ; ... it 
appears to be a vegetable found in waters which contain 
sulphur. It was said to be without odour whilst alive, but 
when dead to be capable of giving off sulphuretted hydrogen, 
and so becoming foul to the nose. My own observation of 
what was happening last Tuesday, coupled with the appear- 
ances in the pond itself, and the evidences of the witnesses, 
entirely confirms this account. ... I have no doubt 
whatever that that pond, which was proved to have been 
clear within the last four or five years, and good for perch, 
has been turned into a very filthy pond mainly by this agency. 
. . . It is, I think, as plain as anything can be, that a 
continual discharge, such as I myself saw running into the 
pond in large quantities, is ' a discharge of sewage or filthy 
water ' not free from all foul or noxious matters, such as would 
affect or deteriorate the purity and quality of the water in the 
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bye-wash, but that it has seriously affected and deteriorated 
it, and must inevitably do so " (^Mr. Justice Denman). 

The result of the action was a perpetual injunction to 
restrain the Rural Sanitary Authority from polluting the pond 
and bye-wash, with the imposition of a fine of £200. Special 
fungus filters were eventually constructed, one at the point 
where the effluent leaves the farm, the other at its entry into 
the pond, and these intercept large quantities of fungus ; the 
Bural Sanitary Authority also acquired the rights of owner- 
ship of the pond, and the upper part of the bye- wash. 

Details of Cost. — Artificial filters, complete, £750 per acre ; sub-irriga- 
tion plots, complete, £6*22 per acre. 
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Totelcoet, . . . £221 14 






The annual working expenses of the farm, the manager's 
salaiy, pumping, sludge-pressing, repairs, &c., amount to £2,014 
Cr, By sales of farm produce (1888), 463 



Net annual ost, . . . £1,551 



CHAPTER XV. 



SWANWICK, DERBYSHIRE. 



Population, &C« — ^Population draining to works, 4,000. 

Water-closets not general, but there is a public water- 
supply. 

The works, comprising main sewers and a small sewage 
farm, were carried out in 1886 for the purposes of draining 
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and disposing of the sewage of the villages of Swanwick, 
Leabrooks, and Upper Somercotes, which are within the 
Local Board District of Alfreton. 

Conveyanee of Sewag'e. — The sewage is conveyed to the 
sewage farm by means of pipe sewers, the levels admitting of 
a gravitation scheme being adopted. 

On its passage to the farm, the sewage has to be carried 
across a ravine by means of syphons. Two were employed, 
each of cast-iron pipes, 6 inches in diameter, having movable 
iron lids at the lowest points for cleansing purposes. At the 
head of the syphons there is an arrangement of shuttles, by 
means of which the sewage passes through one syphon only 
in dry weather, whilst in wet, both are in operation. A 
storm-overflow is provided for the disposal of excessive rain- 
falls, the discharge being into the brook. These arrangements 
have given general satisfaction. 

The sewage farm is 15 acres in extent, and consists of stiff 
clay, there being no light porous land available. The land 
has been treated very much in the same manner as described 
in the Chapter on " The Preparation of Land," p. 106. 

Treatment of Sewage.— -Mr. Radford, Assoc. M. Inst. C.E., 
of Nottingham, who designed and [carried out the works, and 
to whom the author is indebted for the details and particulars, 
states — " The land on the farm is a stift yellow clay, with a 
foot of loamy soil on the top, and it was lightened and 
prepared to receive the sewage in the following manner: — 
The ground was covered with 6 inches in depth of fine engine 
ashes, obtained from some works in the immediate vicinity ; 
the soil was then ploughed up with subsoilers to a depth of 
2 feet, a steam cultivator being used for this purpose. The 
subsoiler was passed through the land four times, the last 
time at right angles to the others ; the greater portion of the 
ashes falling behind the tynes into the soil, thus rendering 
the land far more porous than before. The land was then 
scuffled twice at a less depth, to thoroughly mix the ashes 
with the top soil. 
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"The land was afterwards drained 6 yards apart with 
4-inch agricultural drain-pipes placed diagonally with the 
slope and about 4 feet in depth. The clay was thrown well 
away from the drains, and a 6-inch layer of rough ashes was 
placed over them ; the trench was then filled in with top soil 
mixed with fine ashes. The sewage, after soaking through 
2 feet of lightened soil, flows down the slope along the top of 
the clay until it reaches a trench, where the mixture of soil 
and ashes allows it to descend to the drains. 

''After the sewage has been effectually purified by the 
above means, the effluent is discharged into the Butterley 
Canal Reservoir. 

''A bed of osiers was planted on the level land next the 
Reservoir, so that any excess of sewage during a storm can 
accumulate there until it can filter through the land to the 
drains. 

" Small embankments about 1 foot 6 inches in height, were 
placed to prevent the sewage overflowing into the dykes, 
which surround the farm on three sides. 

" The above method of dealing with the sewage has resulted 
in an effluent of a thoroughly satisfactory nature ; it is 
eminently adapted for those districts where a clay subsoil is 
the only one available for sewage irrigation purposes." 

In small districts, the night sewage is small in quantity, 
and if turned upon land which is naturally porous, or has 
been artificially made so, would soak into the soil quite close 
to the carriers, thus producing an unsatisfactory result, since 
a very small area of land would be employed, quite insufficient 
to produce a good effluent. Mr. Radford has made provision 
for this contingency by constructing a small storage tank at 
the head of the farm, into which the night sewage — or, indeed, 
all if desired — may accumulate ; the tank is provided with a 
Field's automatic syphon, by means of which when full, its 
contents are suddenly delivered into the carriers^ and conveyed 
to the portion of the farm desired. 

The main carriers are constructed of concrete^ and are 
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provided with wooden sluices at intervals of 30 feet, which 

divert the sewage into the grips, or subsidiary carriers as may ' ^g 

be necessary. — 

Crops. — The osiers were found not to thrive, in consequence 
of the small volume of sewage available, and the setts were , 

removed. 

Wheat, oats, cabbages, and rye-grass are grown upon the 
farm, the annual sales producing about £80. «& 

Cost.—- The rental paid for the land is £2 per acre, the 
working expenses are not available, but probably amount to 
as much as the sales of produce. 

The cost of preparation of the land, including £400 paid for 
furnace ashes, was £1123. The plan has been supplied by 
Mr. Radford (see Plate 13). 



CHAPTER XVI. 

THE EALING SEWAGE WORKS. 

These works possess much interest, as they are among the 
oldest of their class, and it is here that the sewage problem 
has been divested of some of its difficulties. The works were 
established many years ago, and attracted the attention of the 
Rivers' Pollution Commissioners in 1870. 

It was long since recognised that, in many cases, clarifica* 
tion is the first step as regards sewage treatment, and we 
find filters were employed at Ealing for that purpose. 

Filtration. — The Commissioners say — * 

" The sewage is received into two deposit tanks, each 64 feet 
long by 10 feet wide, and 8 feet deep. These deposit tanks 
are each divided into five chambers by planks having small 
openings to admit of the passage of sewage water; in the 
fourth chamber a rough filter of gravel or burnt ballast is 
formed, through which the sewage passes by ascension. Be- 
tween the deposit tanks and the first set of filter beds, are two 

* Kivers' Pollution CommisBion, 1868. 
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iron baskets containing charcoal closely packed ; after passing 
through these baskets, the sewage is received into the first set 
of filters, and rises through 18 inches of burnt clay ballast, 
which is now used in preference to gravel and sand. 

" The water then flows over the weir at the end of the first 
set of filters into chambers containing wire baskets filled with 
burnt clay ballast, and is led by iron pipes into the second set 
of filter beds, where all the heavier suspended matter contained 
in the sewage water is deposited, the liquid then rising through 
2 feet of burnt clay ballast. 

" The capacity of the deposit tanks and of the spaces under 
the filter beds which are employed as deposit chambers, 
amounts to 17,500 cubic feet. The area of filters in the 
deposit tanks is 240 superficial feet; that of the first set 
of filter beds is 630 superficial feet, and that of the second 
set of filter beds is 1,000 superficial feet There is thus a 
total area of 1,870 superficial feet; and the sewage in its 
transit passes, in all, through 7 feet 4 inches of filtering 
materials. 

" The soil collected in the deposit tanks and filters is removed 
through cast-iron valves placed 13 feet apart, and drops into 
vaults below, being aftei*wards mixed with the dust and ashes 
collected by the scavenger, and sold for manure. 

" The process as thus carried out entirely fails to transform 
the soluble putrescent organic matters into innocuous mineral 
compounds. This failure is due partly to the filters being far 
too small for the volume of sewage dealt with, and partly to 
the circumstance that the filtration is performed upwards 
instead of downwards. For efficient purification by filtration, 
it is essential that atmospheric oxygen should have frequent 
and free access to the interior of the filter, a condition which 
is entirely excluded in upward filtration. Nevertheless the 
filtered sewage was being run into the Tliames by permission 
of the Board of Conservators under the following certificate 
extracted from a report dated October, 1868, by Mr. Charles 
Jones, Surveyor to the Local Board of Health, Ealing : — 
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*' ' London Hospital, March 21«f, 1868. 

" ' The sample of liquid contained in the bottle marked A, 16th March, 
1868, which was sent here on the 16th of March, is a very weak solution of 
carbonate and sulphate of ammonia, with a little calcareous and organic matter 
and common salt. 

** ' The total amount of these matters is only about 56 grains per imperial 
gallon, and therefore the liquid is perfectly harmless to animal and vegetable 
life, and is not offensive. 

(Signed) " * Hry. Lstheby.' " 

(Note. — ^This efBuent would not now be considered "harmless to animal 
\\ie,"—AutJior,) 

"On the occasion of our visit to the sewage works at 
Ealing, one month later, we were informed that a mean 
daily volume of 400,000 gallons of sewage, from a population 
of about 7,500, was being treated. The time of its transit 
through the series of filter beds was only 10 minutes. The 
suspended matters were of course to a great eoctent arrested, 
hut the ejffluent liquid retained nearly all the original amouvt 
of soluble putresdMe organic mattery and ivas totally unfU 
to he admitted into Tunning water, as is evident from an 
inspection of the following analyses of the samples which we 
collected at the time of our visit : — 

"TREATMENT OF EALING SEWAGE BY FILTRATION. 

"Results of Analysis expressed in Parts per 100,000, and including 

BOTH Suspended and Dissolved Matters. 



Description. 


Total 

Solid 

Matters. 


Organic 
Carbon. 


Organic 
Nitrogen. 


Ammonia. 


Nitrogen 

as 
Nitrates 

and 
Nitrites. 


Total 
Combined 
Nitrogen. 


Sewas^e as delivered at ) 
works, April, 24, > 
1868, ) 

Sewage flowing from ) 
last filter, April, 24, \ 
1868, ) 


115-5 

78-5 


27-848 
6 093 


2-930 

2-785 


7-000 
4-250 


■000 
•076 


8*695 
6-361 



" The causes of the failure of sewage filtratioa at Ealing are 
suflSciently obvious; they are, first, the inadequacy of the 
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mass of filtering material; and, secondly, the absence of all 
provision for the frequent aeration of that material. We find, 
from experiments, that the efficient purification of 400,000 
gallons of sewage per day by filtration would require at least 
40,000 cubic j'ards of filtering material, whilst the Ealing 
filters contain only 60 cubic yards." 

We now find (1890) that the works have constantly been 
added to, that the tank accommodation is of the most ample 
dimensions, and that clarification is now efiected by means of 
chemicals ; the effluent water being conveyed to the Thames as 
heretofore. 

Before leaving this part of the subject, it may be interesting 
to ask how far the sentence above, printed in italics, is 
applicable to many of the chemical processes ? 

Ealing, with a small effluent, and an enormous river for its 
reception, is successful in dealing with its sewage. Where 
the conditions have been the direct opposite, as at Birming- 
ham, Nottingham, Leicester, and elsewhere, the most perfect 
chemical processes have broken down, simply because there 
has not been sufficient water in the rivers receiving the 
effluents to complete its purification. 

The following description of these works has been supplied 
by Mr. Chas. Jones, C.E.: — 

"Works. — The Ealing Southern Sewage Works were de- 
signed by Mr. Charles Jones, A.M.I.C.E., in the year 1863, 
to meet the requirements of the village of Ealing, and with 
an eye to a very large development of this western suburb of 
London. At the time of their construction the population of 
Ealing was about 5,500, with a ratable value of a little over 
£18,000 ; at the present time, 1889, the population is 24,000, 
and the ratable value £152,000. These figures are given in 
order that the necessity for gradual growth of the works may 
be fully recognised, whilst at the same time the fact that in 
all the increase that has taken place the working out of an 
original and comprehensive scheme has ever been borne in 

mind. 
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"In designing these works, Mr. Jones, after a careful in- 
vestigation of the various best known sewage works in the 
country, decided upon a system of subsiding tanks supple- 
mented by chemical precipitants (where and when necessary), 
believing that an effluent might be produced which would 
satisfy the requirements of the Conservators of the River 
Thames, into which the effluent is discharged; and the fact 
that for twenty-six years these works have, under the super- 
vision of Mr. Jones, met with the approval of not only the 
Thames Conservators, but of a very large proportion of the 
men best qualified to judge of their merits, is a very fair 
evidence of their efficiency and their worth. 

" The Ealing Works were the first complete sewage works 
constructed in the * valley of the Thames,' and there can be 
no doubt that the attention they attracted, and the name 
they gave to Ealing as a well-drained place, has had much to 
do with the undoubted prosperity of this favourite suburb. 

" The land taken by the Board in the first instance consisted 
of one acre on the main road from Ealing to Brentford, the. 
boundary being the south wall of subsiding tanks, Nos. 1 and 
2 (see plan). These tanks were respectively 64' 0" x 10' 0" 
and 8' deep, and 34' 0" x 10' 0" and 5' deep, there being a 
slight fall between Nos. 1 and 2. No. I being divided (each 
tank) into six bays or divisions by 9" deals, which, being 
placed about half an inch apart, act as strainers. Some few 
years later large subsiding tanks were erected, the dimen- 
sions being 55' 0" x 10' 0" and 10' deep, the outlet being into 
the Ealing Lane, and thence to the Thames. From the con- 
struction of the works in 1863-4, the whole of the treatment 
of the sewage, and the several works connected with the 
sanitary work of the district, and the dep6t for ashes, &c., 
were carried out upon this comparatively small space of one 
acre, of which only about three-fourths was available. The 
growth of the population, however, was such that in 1882 it 
was decided to still further enlarge the ground area by the 
purchase of an additional two acres, and the construction of 
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three more tanks, at a lower level, the surface water level 
of these when full being 6^ below the bottom of inlet outfall 
sewer. These tanks are 178' x 25' x 9' deep, and when 
working, as shown by arrow marks on plan, give a run for the 
effluent water, after chemical treatment, of about one-fourth of 
a mile before passing over the tumbling bay, and thence to 
the Thames by the low-level outlet. 

" Chemical Treatment. — ^The chemical treatment carried out 
at these works for many years, has been the milk of lime 
process, supplemented by clay and sulphate of alumina, the 
proportions being 10 J grains of lime. Hi grains clay, and 
2 grains of sulphate of alumina per gallon. One important 
feature, and upon which Mr. Jones lays great stress, is the 
amount of oxidation produced by the several falls, and the 
apparatus arranged for this especial purpose, and which, we 
believe, is to be very largely increased in the re-arrangement 
of the works now (1889) taking place, owing to the continued 
increase of the population. Probably that which strikes the 
visitor to these works most is the very large area devoted to 
effluent water tanks, and there can be no doubt that to this 
speciality very much of the success of the work is due. Mr. 
Jones claims to have a larger amount of tank space at Ealing 
than at any town in England. 

''The treatment of the sludge has formed an important 
feature ; difficulties having arisen some years since in disposing 
of the same, Mr. Jones directed his attention to the best mode 
of dealing with the difficulty, and eventually decided upon 
burning it in connection with the house-refuse; and, whatever 
difference of opinion may exist as to the advisability of 
such a course, one thing is certain, Mr. Jones by his method 
gets rid of the nuisance, both of the sludge and house-refuse, 
produces a hard clinker, which is valuable for many purposes — 
such as concrete, tar-paving, artificial stone, &c., &;c. — and 
provides sufficient steam to work the machinery for pumping, 
&a, necessary at the works, without any cost for outside fuel, 
whilst the destructor, combined with the 'fume cremator,' 
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invented by Mr. Jones, carries on the work, without any 
nuisance/' 

The arrangements for adding the chemicals are of ingenious, 
but simple character. The lime is converted into **milk of 
lime " in one of Scott's mixers, and, with the clay, passes into 
the "main inlet shoot,*' where it becomes thoroughly mixed 
with the sewage in the passage of the latter to the tanks. The 
sulphate of alumina solution is not added until partial clarifica- 
tion has taken place, which Mr. Jones thinks is right in 
principle. 

In consequence of several operations being carried out at 
the depdt, it is somewhat difficult to arrive at the annual 
cost of these works. The plan (Plate 14) has been supplied 
by Mr. Jones. 



CHAPTER XVII. 

CHISWICK. 

Population, &c.— Population, 21,000. Ratable value, £ 11 5,000 
(about £90,000 for Local Board purpose). Water-closets, 
4,600. Dry-weather sewage flow, 550,000 gallons per day. 
There is one storm-overflow. 

The separate system of drainage is partly in operation, but 
large numbers of roofs now drain into the sewers, particularly 
AS regards houses built since the year 1883. With few excep- 
tions the roads are not drained into the sewers. 

Works. — The works were constructed in response to a 
demand by the Thames Conservators, whose powers extended 
to the enforcement of a penalty of £100 per diem in case 
of non-compliance. Whilst enormous penalties were being 
incurred with impunity by neighbouring parishes, and large 
amounts were being expended by the now defunct Lower 
Thamas Valley Main Drainage Board, and by the opponents 
of its schemes, Chiswick was employed in the useful works of 
arainage and sewage-disposal. The works were designed by 
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Mr. H. O. Smith in 1876, and were constructed under 
his superintendence during the years 1877, 1878, and 
1879. 

Outfall. — The sewage is conveyed to the disposal works 
by means of two main outfall sewers, one is 2 feet in diameter, 
constructed with stoneware pipes ; the other 2 feet 6 inches 
by 1 foot 8 inches, built with bricks. These sewers discharge 
into the pump-well as shown upon the plan, their inverts being 
at ordnance datum level. 

The sewage is lifted to 19 feet above O.D. by means of two 
of Davey's differential pumping engines, each indicating 15 
H.P., and together capable of delivering 1,200,000 gallons of 
sewage in twelve hours. Although one pump can ordinarily 
lift in seven hours the sewage produced daily, the two are 
insufficient to lift all the sewage and flood-water reaching the 
pump-well in periods of heavy rainfall. The sewage has there- 
fore to rise against them in the sewers until the storm abates 
and the engines gain on the flow. A storm-water overflow 
has been provided for the purpose of conveying the excess 
direct into the Thames, if the water should rise dangerously 
high. 

Treatment. — ^As Chiswick is quite near the Thames, parts 
of the town being, in fact, situated upon its banks, and the 
volume of the river-water is in dry weather about 800 times 
greater than that of the sewage of the town, it was decided 
that a chemical process should be adopted, it being considered 
that an effluent sufficiently pure to meet the exigencies of the 
case might be produced by that means, at the least cost to the 
ratepayers. Eight settling tanks were constructed, and a 
reference to the plan will show that the mode of construction 
difiers as regards four of the tanks. 

In the case of the large tanks, a set of coke-fllters has been 
constructed at a low level, the section showing their position, 
and it was intended to pass all the effluent water from the 
large tanks through these filters before it escaped into the 
outlet channel. The small tanks were provided with two sets 
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of filters, one set at a high and the other at a lower level, the 
intention having been to allow the effluent to overflow from 
the top water-line through the higher filters into the river, when 
the lower outlet was tide-locked ; the effluent thus discharged 
' could also be passed through the lower filters on its way to 
the outlet channel at low tide. In practice, it has not been 
found necessary to use these filters, and they now contain no 
(^oke. The designs are, however, good, and particular atten- 
tion may be drawn to the wooden channel above the large 
coke-filters, by means of which a large amount of aeration of 
the effluent can be obtained when the tanks are worked on 
the continuous flow system. Each tank is provided with a 
floating aim valve for the purpose of drawing oflT the top 
water, and although a series of sluices admit of the continuous 
flow system being worked, the absolute rest method is pre- 
ferred. 

Each tank is provided with floating scum boards, which 
are placed midway in the length of the tank, and work in 
channel-iron guides placed upright against the partition 
walls. 

The total tank capacity amounts to 800,000 gallons, and 
Mr. Hetherington, the manager of the works, states that the 
tanks may be filled with sewage and emptied, after chemical 
treatment, six to eight times per diem, according to the state 
of the tide, the works being situated upon a tidal reach of 
the Thames. 

It may be mentioned that the storm-ovei'flow is rarely used. 
Its invert is 5 feet above those of the main sewers, and it is 
tide-locked at half tide. 

Clarification* — ^The mode of treatment finally adopted for 
the clarification of the sewage is precipitation by means of 
lime and Spence's alumino-ferric. The Local Authority was 
advised to adopt the process by Dr. Tidy, and its employ- 
ment has given entire satisfaction to the Thames Conser- 
vators. 

The inverts of the tanks ai^ segmental in cross-section, and 
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they slope towards the sewage inlets, underneath which are the 
sladge outlets. The slope of the inverts of the large tanks 
is 1 in 90, and that of the small tanks 1 in 50. 

Sludge. — ^Upon cleansing a tank, the sludge is swept 
through the valve at into a culvert, whence it gravitates 
into the ** sludge-pit," a screen being placed at tlie entry to 
this pit in order to intercept large solids, and thus prevent 
damage to the filter-presses, of which there are two by 
Messrs. Johnson & Co., each S6 inches in diameter, with twenty- 
four plates. Air is employed in forcing the sludge into the 
presses. An air-pump first exhausts the steel receivers of air, 
and into these the sludge from the sludge-pit rises. Lime is 
then mixed with the sludge in the receivers, in the proportion 
of 14 lbs. of lime to each cwt. of wet sludge, and compressed air 
is then employed to force the material into the presses. The 
expr&ssed liquid flows back to the pump-well, where it mixes 
with the crude sewage. The cakes of sludge are given away 
to market gardeners, and is now all got rid of on these 
terms. 

The Ijocal Board of Chiswick has experienced trouble with 
its sludge ; the Thames Ck>nservators were satisfied with the 
effluent, but the wet sludge became offensive to an owner of 
land, whose property adjoins the sewage works, and the aid of 
the Court of Chancery was invoked, with the result that filter- 
presses were erected in 1884. Under the circumstances, very 
little time was available to mature plans, or to study other 
works, and, indeed,, filter-presses for sludge were used in but 
four cases, so far as is known. The plant as originally 
erected was not at all satisfactory, the* arrangements for 
introducing the sludge into the presses being far from success- 
ful, the sludge receivers (see plan of Wimbledon works) being 
placed horizontally instead of vertically ; in consequence of this 
aiTangement, large accumulations of detritus took place inside 
them, reducing their capacity so much that two charges of wet 
sludge were required to fill a press with cake, thus involving 
the waste of much time. The cost of pressing amounted to 
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the exceptionally high figure of 5s. per ton, and Mr. Hethering- 
ton advised a re-arrangement of the receivers, and the 
addition of one more ; his recommendations have been carried 
out, the work being performed under his personal supervision, 
and the cost of pressing the sludge novir amounts to 3s. 6d. 
per ton. This is rather more than sludge ordinarily costs in 
pressing, but it appears that the sludge contains quantities of 
size and china-clay from a wall-paper printer's works, which 
block the filter cloths and add very materially to the cost of 
pressing. In experimenting with various precipitants, at 
Wimbledon, the author has found that those of a clayey nature 
invariably produce the results indicated above. 

The chemicals used in the treatment of the sewage are 
lime and Spence's « alumino-ferric,'' in the proportions of 7 
grains and 5 grains per gallon respectively. Dr. Tidy having 
advLsed this mode of treatment. After being slaked and 
thoroughly mixed with water, the lime is applied to the 
sewage at the points where the pumps deliver into the 
''sewage agitator;" the limed sewage then flows along the 
winding channel, by means of which the agitation of the 
sewage is kept up, and the lime is thoroughly mixed with it. 
On arriving at the mixing shed, the alum — ^in solution — is 
added, further agitation is effected, and the treated sewage 
flows into the distributing channel, and thence into the settling 
tanks as desired. The mixing arrangements are well-devised 
and are very effective. 

Cost. — The staff" employed consists of: — 

One engineer, . @ £2 15 per week, with residence, &c. 
„ . @ 2 



One stoker, . @ 1 7 

„ . @ 1 7 

One press man, @ 1 13 

„ . @ 1 5 

One tank man, @ 1 1 

£11 8 
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Wages £11, Ss. per week, or £592, 168. per annum. Add, for holidays and 
miscellaneous, £35 per annum, or 

Total wages, . • . £627 16 

Fuel, 350 

Grey lime, , • . 150 (for pressing). 

Alum, 150 

Clay cross lime, . 120 (for sewage treatment). 

Press cloths, &C., . 75 

Gas, rates, &c., &c, 100 



£1,572 16 



This represents a rate of 4s. 6d. in the pound. 

In consequence of pumping at night being performed, and 
the contingent necessity of employing a double shift of 
engineers and stokers, the cost is somewhat high. 

The sludge-cake produced per annum amounts to 2,200 
tons, which is removed by market gardeners free of cost to 
the Board. 

The author is indebted to Mr. Hetherington, the manager 
of the works, for the details given in this chapter and for 
the plan (Plate 15). 



CHAPTER XVIII. 

KINGSTON-ON-THAMES — A. B. C. PROCESS. 

The sewage disposal works recently completed at Kingston 
are of excellent design, more particularly as regards the 
settling tanks. The arrangements for dealing with the sludge 
are also very complete, and present certain novel features, to 
be described later. 

Twenty-six years ago the drainage of the town was enforced 
by the Local Sanitary Board ; the sewers constructed con- 
sisted of stoneware-pipe sewers, and a large brick outfall, 
which discharged into the river Thames near Kingston bridge. 
The outfall was 4 feet 6 inches in vertical diameter, and both 
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sewage and rainfall passed into the river by means of this 
outfall. 

When the necessity for purifying the sewage became apparent, 
the Town Council made several efforta to procure land for 
irrigation purposes, but neighbouring towns opposed, and, 
finally, through the efforts of the late City Solicitor, Sir Thos. 
Nelson, a Joint Main Drainage Board was formed, having as 
its objects the drainage and sewage disposal of twenty-three 
contiguous towns and parishes, of which Kingston was one. 

One of the schemes put forward by this body was for 
conveying the collective sewage to Moulsey. Another, pro- 
posed by Sir Joseph Bazalgette, was for carrjnng the sewage 
of all these places to the main sewer of the West Kent 
district, involving a culvert for the purpose of 27 miles in 
length. The Corporation of Kingston determinedly opposed 
these schemes, and finally succeeded in getting the Joint 
Board abolished, after upwards of eighty thousand pounds 
had been spent in promoting schemes, litigation, and con- 
tingent expenses. 

Upon the dissolution of the Joint Board, many of the parishes 
took immediate, but independent, action, with the result that 
a number of sewage disposal works have been actually con- 
structed, or are in course of being executed. 

At Kingston, a tract of land adjoining the river and close to 
the old outfall was purchased, and works have been carried 
out and are now in operation. 

Outfall. — On referring to the block plan, it will be observed 
that the sewage has been diverted from the old outfall into the 
new works. At the point of diversion an overflow-weir has 
been constructed, by means of which storm-water may escape 
into the old outflow below the point of interception, and thence 
into the river; the A. B. C. Company are not compelled to 
treat more than 45 gallons per head per diem (see Plate 16). 

The Surbiton Improvement Commissioners joined the King- 
ston Corporation in their scheme of sewage disposal, and all 
the sewage entei's the works at the same point. 
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' Engines. — ^In consequence of the gradients^ all the sewage 
has to be pumped. 

The engines are of novel construction, and centrifugal 
pumps are employed in raising the sewage. 

The engines are of the kind known as the Willans Patent 
Central- Valve Engine, and, together with the boilers and 
other fittings, have been manufactured by Willans and 
Bobinson, Limited, of Thames Ditton. They include two 
engines, each of forty indicated horse-power, for driving the 
mixing mills, drying cylinders, air-compressors, and other 
machinery at the works ; three pumping engines, each capable 
of raising 100,000 gallons of sewage per hour ; and three (for 
Surbiton) each able to raise 45,000 gallons per hour— eight 
engines in all. The maximum lift of the pumps is 19 feet 
{i,e^ when clearing the pump-wells), normally it is about 
10 feet for the Kingston, and 13 or 14 feet for the Surbiton 
pumps. The engines, pumps, and boilers, with their subsidiary 
fittings, have been erected by the makers in accordance with 
plans which have been approved by Major Macaulay, Borough 
Surveyor of Kingston-upon-Thames, and by Charles R 
Bobinson, Esq., M. Inst. C.E., on behalf of the Native Guano 
Company. All the engines are non-condensing, and work 
with steam of 150 lbs. pressure. The two driving engines, 
and the three larger pumping engines, are on the triple- 
expansion principle; the three smaller pumping engines (for 
Surbiton) are compound. The combination of engine and 
pump is of a simple and very compact nature, as shown on 
the Plate. 

The volume of the Surbiton sewage is ascertained by means 
of a large undershot-wheel-like meter, invented by Mr. Robiason. 

Tanks. — All the sewage is pumped into the channel — 
No. IS on the block plan — ^where it immediately receives its 
dose of " B.C.'' mixture, and is quite deodorised ; the solution 
of alum is then added, and the treated sewage is conveyed to 
the settling tanks, which are eight in number, in two sets 
•of four. 
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The tanks are each 85 feet long and 49 feet broad, and are 
partially divided in the middle longitudinally by a wall, 'o 

about three-quarters the distance of the entire length. The 
tanks are deeper at the near ends and shallower at their 
rears, so that the tendency of the sludge deposited is to 
gravitate towards the front wall, whilst the dividing wall 
tends to cause the fluid portion to circulate round into the 
second half of the tank, giving it more time to settle before 
the surplus water runs off by a trumpet-mouthed vertical ■*plan 

pipe, secured to the wall Attached, also, to the same front ^""^ 

wall of each tank, is a jointed pipe, to which a floating valve ""^r 

is attached for draining off the remainder of the water nearly *^ 3£: 

— — — ^ ^- 1" 

to the surface of the sludge beneath. The water so drawn 
off is conveyed by an iron pipe to the same place of discharge 
as the effluent, which constantly flows off from the trumpet- 



"'if 



mouthed pipes. Another jointed pipe in the same wall can -^j 

now be let down into a sump-hole, and the sludge drawn off ^:3 

by a sludge-pump, and ejected into a circular sludge-tank, *^r 

whence it is drawn off as required, and conveyed by an iron ^-^1 

pipe to four large iron vertical cylinders or accumulators. ^^y 

The action of filling these is by suction, the exhaust being 
accomplished by an air-pump. To prevent these accumulators 
from becoming too full, a floating ball is raised by the inflow- 
ing sludge, until it closes the air-passage, when the exhaust, of 
course, ceases. The compressed air at three or four atmospheres 
of pressure is then turned on, and the contents of the accumu- 
lators are forced up to the first floor of the building, and there 
into mechanical filter-presses, which express the fluid and 
mould the solid residue into cakes. The expressed water 
runs back to the sump-well, and the cakes are put into a 
heated revolving cylinder, in which they are thoroughly dried. 
To prevent any escape of foul emanations in this operation, 
the reek from the revolving cylinder is drawn off by a fan, 
and carried by iron pipes, first to a closed chamber, in which 
it is subjected to the absorbing action of water spiuy, amid 
layers of brushwood. It then passes on in stoneware pipes 
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to a cooling tank placed at the top of the huilding; thence 
again by pipes to a second chamber, and finally it passes 
into the external atmosphere by a flue in the boiler stack. 
The condensed fluid flows from the pipes to the sewer. 
After the compressed cakes of sludge are dried they are 
put into a disintegrator, and broken down into a fine 
manure, which is put into sacks, and sold at three pounds 
per ton to farmers and gardeners under the name of " native 
guano." 

Cost. — The works were designed by Major Macaulay and 
Mr. Robinson, and have cost about £23,000. 

The works are entirely operated by the Native Guano 
Company, who receive a subsidy from the Kingston Corpora- 
tion and from the Surbiton Improvement Commissioners, 
amounting to 3d. in the pound upon the ratable value. 

The population of Kingston is . . • 26,156 
and of Surbiton, 11,912 

Total, . . 38,068 

The ratable values are — 

Kingston, £105,342 

Surbiton, 90,018 



Total, . . £195,360 

The author is indebted to Major Macaulay and to Mr. 
Bobinson for the details of these works. 



CHAPTER XIX. 

SALFORD SEWAGE WORKS. 



Population, &C. — The important Borough of Salford, covering 
an area of 5,208 acres, and having a population at the date 
of the last census of 176,233, continued up to the year 1862 
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without the authorities displaying any interest in the ever- 
important question of drainage. In fact, the borough being 
bounded for a considerable part of its circumference by the 
river Irwell, there did not appear to be any pressing necessity 
for expenditure on main drainage works whilst there was ^ 
convenient a receptacle as the river for the filth of the 
borough. Twenty years ago, however, Salford, unlike the 
other districts adjoining, many of which up to the present time 
have done practically nothing to divert their liquid refuse from 
the river, recognised the imperative necessity of undertaking 
a work which was ultimately destined to be one of impor- 
tance, and began the construction of arterial drainage works 
of considerable extent. It is true that many of these newly 
constructed mains gravitated towards and discharged into the 
river, presumably with a view to their being ultimately con- 
nected to an outfall sewer to be hereafter constructed along 
the valley line, and which would intercept from the river all 
sewage and manufacturers' liquid refuse carried by the sub- 
ordinate draii>s. 

Main Sewer. — Several suggestions regarding the intercep- 
tion of the sewage from the river were made by competent 
professional men, all the schemes possessing certain similarity 
to each other, and finally Mr. Fowler, M. Inst. C.E., the 
Engineer to the Corporation, prepared a scheme which re- 
ceived the approval of the Council, and in the year 1873 the 
first portion of the intercepting sewer for this scheme was 
commenced. This sewer is a work of considerable magnitude. 
It has an average diameter at its outlet of 8 ft. 3 ins. and it 
diminishes in area to the upper end, where the sewer is of 
egg shape, having an interior section of 4 ft. by 3 ft. 

Works. — The total length of the sewer constructed up to 
the present time is 4 miles 5 furlongs, but as large areas at 
present unbuilt upon come to be occupied with houses, the 
arterial sewer will, no doubt, be lengthened at its upper 
extremity. As the outfall sewer advanced towards completioa 
it became necessary to consider in what manner the sewago 
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of the borough could be most effectually and economically 
treated at the outfall, and the Corporation, after very carefu) 
consideration, determined, in 1876, to establish works at Mode 
Wheel, a suburb of Salford, for treating the sewage by preci- 
pitation, the volume of which was estimated at 12 million 
gallons daily. Plans were accordingly prepared by Mr. Fowler, 
who, towards the end of the year 1877, and before the outfall 
works were commenced, left the service of the Corporation 
for Newcastle-on-Tyne, and was succeeded by Mr. Arthur 
Jacob, M. Inst C.E., at present Engineer to the Corporation. 
The works as originally designed were, in their main char- 
acteristics, similar to those at Knostrop, which were designed 
by direction of the Leeds' Corporation for treating the sewage 
of that borough by the A. B. C. process. The arrangement of 
the works, as originally designed for the Salford Corporation, 
consisted of a series of twelve tanks, arranged in duplicate 
in two rows. Into these tanks it was intended to lift the 
sewage direct from the intercepting sewer by means of a pair 
of centrifugal pumps, the total lift being 14 feet Adjoining 
the engine-house was to have been erected a building for the 
reception of the machinery to be employed in treating the 
sewage. This machinery was designed to be driven by an 
engine of forty horse-power. After passing the precipi- 
tating material into the sewage, it was arranged that it should 
flow into the tanks, one series only being used at a time,, 
whilst the reserve series was being cleansed. After being 
delivered into the tanks, a wide cascade or flight of steps 
was to be provided for the sewage to flow over, with the 
object of its being aerated, and from the foot of the cascade 
the sewage was to flow into the river Irwell. 

Before carrying this scheme into effect, it was deemed 
advisable that the plans should be submitted to the Chief 
Engineer to the Local Government Board for his opinion. 
This gentleman, though not speaking in his official capacity, 
gave a general assent to the arrangement of the works ; but, 
at the same time, pointed out that it might hereafter be 
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necessary to pass the sewage, after undergoing precipitation, 
through filter-beds, before allowing it to enter the river. 

This suggestion, coming as it did from the Engineer to the 
Central Authority, necessarily led to an alteration in the 
arrangement of the works, and it was decided, in prospect 
of filtration becoming necessary, to place the tanks at some 
distance from the river, and on higher ground, in order to 
secure full command of the land bordering on the river. The 
raising of the tanks to a height of 29 feet above the outfall 
necessarily led to the selection of a different type of engine 
and pumps, and it was finally decided to employ a pair of 
compound vertical engines, driving a pair of double-acting 
plunger pumps placed vertically under the steam cylinders. 
These engines have been erected by the firm of Messrs. James 
Watt & Co. of Soho. They are capable of lifting the whole of 
the sewage from the area which supplies the intercepting 
sewer, and rather more than a quarter of an inch of rainfall in 
the day of twenty-four hours. 

Certain other changes were made from the original designs. 
Instead of making the tanks of earthwork and puddle, with 
sloping sides lined with stone on the inside, they have been 
constructed of concrete, and the sides of the tanks are made 
almost vertical for facility of cleansing. 

The engine-house is, as a matter of course, erected in the 
vicinity of the outfall sewer ; but the mixing house is placed 
close to the end of the tanks, which have been constructed at 
a distance of 90 yards from the engine-house. The Engineer, 
finding himself in a position to utilise the fall of the sewage, 
determined to employ the power at his disposal for driving the 
mixing machinery, and so avoided the necessity for a 40 horse- 
power engine originally intended to be provided for that 
purpose. No material change was made in the area of the 
tanks, but the arrangement of the supply channels was slightly 
altered. As a measure of economy, a short intercepting sewer, 
which was not included in the original scheme, was laid, to 
collect the sewage and storm-water from the high lying 
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district of Pendleton, wbich comprises about 1,300 acres of 
land fairly covered with houses, which otherwise would have 
drained into the intercepting sewer. Beference to the ground 
plan of the works, shown on Plate 17, will render their 
arrangement intelligible. 

The main intercepting sewer runs along the south part 

of the land from east to west, discharging at about the summer 
level of the river Irwell. Upon the sewer, and at a point 
near the engine-house, is constructed a chamber contain- 
ing a set of penstocks. At all times, except during heavy 
rainfall, the penstocks, or at any rate the lower parts of them, 
are kept closed down, so as to raise the level of the sewage in 
the outfall sewer and divert it to the pump sump, which is 
constructed close to the side of the engine-house. 

From the sewer leading to the sump, the sewage falls into 
a square chamber situated between two similar chambers, 
from which it is cut off by penstocks, which can be opened 
from the ground level by a capstan and suitable gearing. 
Into each of these side chambers the suction-pipes from one 
set of pumps pass from the basement of the engine-house, and 
either of the chambers can be cleansed, if necessity should 
arise, without the pumping being discontinued. In the 
suction-chambers are fixed floats, which have been devised to 
control and stop the engines before the sewage descends so 
low as to render it possible for the pumps to draw air. The 
floats, which come into action shortly before the mouth of 
the suction-pipe is exposed, act upon a system of horizontal 
and vertical shafts which gear one with another until the 
throttle-valve in the engine-house is reached, and the supply 
of steam to the engines is thus kept under control by the 
floats ; by this simple arrangement the engines may be left 
unattended without any risk, as the supply of steam is 
regulated by the supply of sewage in the suction chambers, 
but as a matter of practice it would not be convenient or 
desirable that a pair of engines of 450 indicated horse-power 

fihould be worked in a manner so in*egular. 

12 
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Purification. — After passing through the pumps, which are 
of the simplest construction, with ordinary flap-valves, the 
sewage is delivered at the mixing-houSe, where it receives 
the preparation of lime necessary for its purification. The 
two delivery mains, which are each 30 inches in diameter, 
pass underneath the tower, discharge into a pair of cast-iron 
receivers situated in the basement, and into these receivers 
milk of lime is discharged, as the material at present employed 
for precipitating the solid matter from the sewage. From the 
bottom of the receivers, which are arranged in duplicate, a pair 
of 30-inch mains are laid to the head of the tanks, and during 
the passage of the sewage through these mains there is 
ample time for mixture of the sewage with the lime solution 
to take place. The mains terminate at the head of the tanks, 
in ordinary bell-mouthed pipes placed vertically, out of which 
the sewage issues under a head of 6 feet 9 inches in the 
tower, and falls over a sill into the first tank, and so through 
the whole scries of six tanks, until it reaches the mixing- 
house in a clarified condition. The tanks measure in the 
aggregate 246 yards in length, and the average width is 
65 yards, the total area of water surface being 12,360 square 
yards. 

The sills are so arranged that each succeeding sill is G 
inches lower than the one immediately above it. The average 
depth of the sewage in the tanks is 7 feet, and the total 
capacity of the whole series, when full, is 778,600 cubic feet. 
The bottom of each tank slopes slightly in a direction contrary 
to that of the flow of the sewage, and the slope terminates in 
a channel which runs parallel to the cross partition-wall. 

For the emptying of the tanks, differential pipes are pro- 
vided, which are lowered by a small winch, and draw off the 
clarified sewage, leaving the deposit behind. The liquid 
escapes through subsoil drains into the river. After the clear 
water is drawn off, men enter the tank and push the sludge 
into the open channels above referred to, and in these 
channels are provided a number of outlets with water-tight 
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covers. As soon as the covers are lifted up, the sludge runs 
out into sludge pits, which are excavated in the vacant land 
adjoining the tanks, where it dries by exposure to the air. 
The effluent sewage, in flowing out of the tanks, has a vertical 
fall of 15 feet, and a pair of turbines are driven by it, which 
actuate the mixing machinery in the lime house. 

Cost. — The intercepting sewer for the Pendleton district 
passes down the road leading to the works, and runs along 
the north side of the tanks, as shown on the plan, in an open 
channel constructed of concrete lined with blue Staffordshire^ 
bricks. The cost of the works at Mode Wheel has beer* 
£101,000, and that of the intercepting sewer and the sub- 
sidiary sewer for the Pendleton district, £97,000 ; making a 
total expenditure, with certain contingencies, of £200,000. 

Mixing Machinery. — ^There is nothing very novel in the 
actual process of mixing at the new Salford Sewage Works, 
but the method of preparing the lime, or whatever other 
material may hereafter be employed, is worthy of notice 
The whole of the mixing machinery is contained in a house* 
78 feet 6 inches by 33 feet, and adjoining the mixing tower. 
A portion of this house is partitioned off, so that the nuisance 
and discomfort arising from the powdered lime may be 
localised and kept under control. Outside the partition, or in 
the lime room, there is fixed a hoist for measuring the lime, in 
order that the exact proportion to the volume of sewage shall 
always be maintained. The hoist consists of a wooden casing 
4 feet 6 inches by 3 feet, terminating below the floor line in a 
hopper. At the top and bottom of the casing there works on 
a horizontal axis a drum, over which a pair of steel endless 
bands pass. To these bands are attached, at intervals, hori- 
zontal pieces or strips of iron, to which are rivetted wooden 
buckets of suitable form. As the pulleys and bands revolve, 
the buckets pick up the lime from the bottom hopper, which is 
made semi-circular in section, and carry it to the top. When 
passing over the top pulley, the buckets drop the lime into a 
funnel-shaped receptacle, which terminates below in a cast-iron 
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pipe, into which a spray of water continually plays, and washes 
the lime before it along a horizontal cast-iron pipe, which passes 
through the wall into the adjoining room and is connected 
with the mixing pans, where the lime is intimately incorporated 
with the requisite quantity of water for mixture with the 
crude sewage. Close to the bottom of the lime house there is 
an opening in the floor, through which the lime is shovelled 
into the hopper, but it is here arrested by an inclined screen 
which is actuated by a simple connection with the shafting. 
As the screen moves, the finer portion of the lime passes 
through into the hopper, and whatever clinker there is rolls off 
into an adjoining cavity under the floor, from which it can 
easily be removed. As already mentioned, the hoist and mix- 
ing apparatus are driven by a pair of turbines, which are 
outside the building, and are worked by the effluent water from 
the tanks ; there are also two horizontal pumps, which are like- 
wise driven by the turbines. One of these raises water from 
.the turbine to the tank at the top of the tower, from which it 
is drawn to slake the lime and mix it in the pans. The other 
pump draws the cream of lime from the mixing pans and 
raises it to the tank at the base of the tower, .where it is 
poured out in a continuous stream to mingle with the sewage 
as it surges up out of the mouth of the delivery pipes from 
the engine-house. As the lime-pump at first showed a tendency 
to clog, after a few hours work, by a deposit of finely divided 
lime forming above the valves when the water comes to 
companitive rest, the simple expedient has been adopted of 
connecting the suction pipe to the clean-water pipe leading to 
the tank at the top of the tower. By this means the pump 
and valves can be completely washed out into the reservoir at 
the base of the tower. 

The arrangement of the mixing apparatus is so simple that 
it is only necessary to refer to it in brief terms. The speed 
at which the vertical arms move in the pans is a matter 
which must not be neglected. If it be too slow the lime 
does not become uniformly distributed through the water, 
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but at a speed of eight revolutions per minute the whole 
becomes agitated, and passes to the pump in a proper condition 
for admixture with the sewaore. 

As a large volume of sewage runs direct into the tanks by 
gravitation from the Pt^ndleton district, and does not pass 
through the tower, a special arrangement has been made for 
treating it with lime. It would probably be sufficient to add 
an excess of lime to the sewage which passes from the engine- 
house, and to allow the two discharges to mingle at the head 
of the tanks, but a separate communication is made from the 
tower to the high level intercepting sewer, by which means 
lime is added directly to the sewage as it passes along in 
the open channel to the head of the tanks. 

The daily sewage flow is about four million gallons, and 
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this is treated with Buxton lime in the proportion of one ton 
of lime to one million gallons of sewage. 

The sludge is swept from the settling tanks into the shallow 
pits shown upon the plan (Plate 17), where a part of the 
moisture evaporates and part drains off; when sufficiently 
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solidified, the sludge is dug out and placed in kilns of simple 
construction (see fig. 13), where it is burnt When the kilns 
are first lighted, a little small coal is necessary, but afterwards 
the sludge is consumed without the addition of more fuel. 
Each kiln disposes of about 3 tons of semi-dried sludge per 
day, leaving 15 per cent, of ash of no practical value. 

As may be perceived, furnaces of the kind illustrated are 
liable to pass off offensive vapours when used for burning 
sludge, and in cases where the works are near houses such 
furnaces are inadmissible. 

In a recent letter to the author, Mr. Jacob states that 
filter-presses are about to be erected for the disposal of the 
sludge. 

Cost. — The total annual working expenses are £3,000, 
which includes all costs except interest on outlay. 

The author is indebted to the Editor of The Engineer and 
to Mr. Jacob, Borough Engineer of Salford, for the details 
relating to these works. 



CHAPTER XX. 



B RADFORD — PRECIPITATION. 



Population^ &C. — The town of Bradford has a population 
of 200,000 inhabitants (1885) ; the whole of the effluent is 
discharged into a small stream called the beck of Bradford, 
a tributary of the river Aire. 

Volume of the Sewage.— The daily sewage jflow is about 
8,450,000 gallons, the whole of which is conveyed to the 
sewage purification works, which the engineer for the works, 
Mr. Alsing, calculates to be capable of treating a daily flow 
of 12,000,000 gallons. The works are in operation during 
the whole year, except in the time of heavy storms, when 
the surplus is discharged direct into the river. 

Nature of the Sewage,— In addition to the sewage from 
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4,000 water-closets, the waste from a large number of manu* 
factories is allowed to enter the sewers. The greater part of 
this waste comes from dye-works, wool-combing works, 
tanneries, and bi*eweries. The manufacturers are not com* 
pelled to purify their waste waters in any way, which therefore 
contain, on being discharged into the sewer, all the noxious 
mattei*s which are not considered worth extracting. 

In consequence of the chemicals employed by the manu- 
facturers, the discharges of refuse are of varying kinds, which 
make the sewage all the more difficult to treat 

Its composition varies much from one day to another, and 
also at different hours of the day ; Dr. Wallace took a sample 
in 187G, during the worst portion of the day, and in a very 
dry season, of which the analysis showed that the sewage of 
Bradford is considerably more charged than that of Leeds, but 
less than that of Espierre. It is very foul and of offensive 
smell, and carries in suspension a large amount of organic 
and silicious matters, and a pretty large proportion of salts 
of lime. As regards its composition, it approaches vexy 
nearly to the water of the Espierre, which is doubtless owing 
to the similarity of the industries of Bradford and Boubaix ; 
it also contains a large quantity of nitrogen, in the form of 
ammonia, evolved from the fcecal matters.* 

Description of the System of Purification Adopted.— 

The system employed at Bradford for the purification of the 
sewage is precipitation by lime in tanks, on the intermittent 
plan, with filtration of the clarified fluid. 

The main sewer, which takes the sewage to the purification 
works, discharges at a level which enables the sewage to flow 
through the tanks, where the chemical treatment is applied, 
and from thence into the Bradford beck, without the aid of 
pumping machinery. There is a difference in level of 12 feet 
between the outfall-sewer and the brook into which it dis- 
charges; this fortunate circumstance serves to very largely 
diminish the expenses of treatment. The main sewer is 

* Report of CommiBsion on the Espierre, 1885. 
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carried under the buildings at the works, and discharges direct 
into the beck ; a sluice allows the flood waters to flow away 
to the brook in times of heavy storms, when the volume of 
eewage exceeds the capacity of the tanks. 

The chemical treatment of the sewage at Bradford is pre- 
cisely similar to that at Leeds. Before entering the works, 
the sewage flows through catch-pits situated on the line of four 
branch sewers off the main collector, where the heavy matters 
carried in suspension are deposited. Iron gratings arrest 
the larger foreign substances and waste of all kind carried in 
the water. The deposit is raised by a dredge, which passes 
round the building on a little prepared track, and gathered up 
in a heap close to the works. It makes a rich mould for the 
gardeners. Its production, however, is not considerable, being 
only about 300 tons per annum, and, therefore, very little in 
comparision with the quantity of matter carried by the sewer. 
It seems to ua that the size of these pits might have been 
advantageously inci^eased, as this would have rendered the 
current slower, and consequently caused more of the matter to 
be deposited before the lime was added 

These catch-pits, and the channels in communication with 
them, are covered with a wooden flooring, thus screening them 
from the direct action of the atmosphere. 

Manufacture of the Milk of Lime.— The lime employed 
at Bradford is that of Ingleton ; anah'sis made by Dr. Wallace 
of Glasgow showed that it contained, before slaking, 95 per 
cent, of its weight of pure lime. Here, as at Leeds, our 
attention was attracted by the importance which is attached 
to this purity as conducive to successful purification. Two 
other limes, those of Knottingl}'^ and of Shipley, containing 
respectively 61 and 66 per cent of pure lime, have not given 
such good results. We are bound to remark in passing that 
it would be possible to supply Roubaix with fat lime in good 
condition from the environs of Toumay, and particularly from 
the quarries at Crevecoeur, which contains from 75 to 80 per 
cent, of pure lime. It would not be possible for the Espien-e 
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to realise under practical conditions the purity of the reagent 
obtained both at Leeds and at Bradford. The lime is slaked 
in powder and sifted^ it is mixed with water in the troughs, 
where it is mixed by agitating arms worked with an alterna- 
tive movement. 
Quantity of Lime employed for the Purification.— The 

quantity of lime employed for the purification of the sewage 
varies according to its strength, it is much weaker than 
usual at night and on Sunday, and it is also much 
leas in strength during wet weather. According to Mr. 
Alsing, the proportion recommended at Leeds is 1 ton 
per million gallona This proportion is reduced on Sundays 
to 10 cwt.; it is also reduced every night up to midnight, 
after which lime is not employed. In the accounts of the 
town of Bradford for the year 1883, the cost of lime for the 
year is stated to have been £995, 7s. lOd., at the price of 
98. lOd. per ton. This represents a total of 1,990 tons of 
lime during the year. The annual volume of water treated, 
at the rate of 8,450,000 (about) gallons per day, is equal to 
3,084,250,000 gallons. The average proportion of lime used 
is, therefore, 12'88 cwt. per million gallons. 

The milk of lime being mixed at a level 2 or 3 yards higher 
than that of the sewage, is discharged with a certain amount 
of pressure into a channel of masonry, where it is mixed with 
the sewage without the employment of an agitator. 

It will be found on reference to the plan attached to this 
report, that the method adopted at Bradford for the preci- 
pitating tanks presents the advantage of being capable of 
extension according to the increase of the volume of sewage 
to be purified. Two rows of tanks, independent of one 
another, are placed along the whole length of the front of 
the buildings at the works. The precipitating tanks, where 
the water is allowed to rest during the time necessary to 
allow the suspended matters to precipitate, are at a higher 
level. Below these are the filtering tanks in equal numbers, 
in wliich the efiluent water from the tanks flows through a 
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filtering medium, and there deposits the lighter matters, 
which are still held in suspension. The sewage, instead 
of flowinor throuorh all the tanks in succession with a con- 
tinuous movement as at Leeds, flows into one precipitating 
tank, and after sufficient rest, passes from there into the 
adjacent filtering tank. Three carriers in masonry communi- 
cate with the different tanks — one distributes the sewage 
mixed witli the lime-water in the precipitating tanks, the 
second takes the sludge deposited in the tanks, and the third 
collects the ef&uent coming from the filtering tanks. 

The precipitating tanks are thirty-four in number, 28 feet 
in length, 22 feet in width, and 6 feet in depth. Each of 
these is capable of holding 18,000 gallons, and is filled sixteen 
times in the twenty-four hours. The duration of the com- 
plete operation, comprising the filling of the tanks, the preci- 
pitation of suspended matters, the drawing off of the clarified 
water, and the removal of the sludge is, therefore, an hour 
and a-half on the average. At this rate the thirty-four tanks 
are capable of purifying 10,000,000 gallons per day. In order 
to reach the quantity of 12,000,000 gallons per day, which 
Mr. Alsing informed us was the maximum quantity that the 
tanks w^ere capable of treating per day, the duration of the 
complete operation is reduced to one hour and a quarter. 
The filling of a tank, when the sewage is flowing at the 
rate of 8,450,000 gallons per day (or 968 gallons per second) 
occupies about three minutes ; the sewage is allowed to rest 
for from thirty to forty minutes, the remainder of the time 
suffices for drawing oflT the eflluent and the removal of the 
sludge. 

After the precipitation of the solids produced by the milk 
of lime, the clarified water is drawn off and passes through 
the filtering tanks. It is of importance to hasten as much as 
possible the separation of the sludge fix)m the clarified water 
without causing too rapid a movement of the latter, which 
would carry away the lighter parts of the precipitate. This 
problem is solved at Bradford by means of a floating arm 
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valve; the water is taken from the surface, and is thus 
automatically drawn off without causing auy considerable 
movement (see Plate 18). 

It is of importance to notice that the superficial area of the 
water in the tanks does not exceed 1,516 square yards, it is 
therefore much less than at Leeds; the proportion of this 
suiface to the volume of sewage to be purified is not more 
than 55'75 square yards per 222,222 gallons of the daily 
flow. 

Filtering^ Tanks. — The sewage, in great part clarified on 
leaving the precipitating tanks, passes into an equal number 
of filtering tiinks, which are placed at a lower level. The 
difference in the two levels causes a fall in which the water is 
agitated and mixed with the atmospheric air. The filtering 
tanks are 22 feet in length, 12 feet in width, and 3 feet in 
depth, and are formed of coke-breeze, which is placed on the 
bottom to a depth of from 1'30 to 1*70 feet, through which the 
effluent filters downward: but the last of the tanks cannot 
discharge into the carrier destined to receive it without 
syphoning under the openings of a dwarf wall in masonry, 
which causes the effluent from it to flow upward through 
an equal space of filtering matter placed at the bottom of 
the last channel. 

The filters are renewed four times a year, while the coke- 
breeze, after having been used as a filtering material, is 
exposed to the air for the purpose of drying and oxidising 
it, and is then employed, mixed with coal, as fuel for the 
boilers at the works, in the proportion of 2 parts of coke- 
breeze to 1 part of coal. 

Nature of the Effluent.— The continuous use of the filters 
does not permit of giving to the coke, which composes the 
filter, a supply of oxygen, so as to enable it to effect an 
oxidising action on the organic matters in solution in the water 
passed through them; it seems that the filters retain, by a 
purely mechanical action, the lighter parts of the precipitate 
which are drained off from the precipitating tanks. Never* 
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tfaeless, it would appear from the result of analyses made 
by Dr. Wallace of Glasgow, that the filtration through the 
coke-breeze is not without effect on the quantity of matter 
held in solution by the eflSuent. The following table gives 
the result of his analysis in grains per gallon : — 





Mineral 
MAttere. 


Organic 
Matters. 


Total. 


On leaving precipitation tanks, . 
Effluent.from filter, • • • . 


Graf DM. 
18-210 

11-805 


Grain!*. 
1-882 

1-635 


20-092 
13-440 



(It should be remarked, however, that Dr. Percy Frankland 
is of opinion that these small filters have a prejudicial effect on 
the effluent, as regards the impurities in solution. — Congress 
of the Sanitary Institute, Worcester, 1889.) 

The filtration appears to retain principally the mineral 
matters, and especially the excess of carbonate of lime, pro- 
duced by the carbonic acid of the air uniting with lime in the 
water during the agitation which is produced by the passage of 
the effluent from the tanks into the filters. 

The effluent flowing from the works is nearly colourless and 
without odour ; it has no other smell than that which is ^ven 
to it by the excess of lime which it cx)ntains. It flows into 
a watercourse which is much polluted by manufactories and 
the sewage of the population above Bradford ; it was, therefore, 
impossible for us to ascertain whether the oxygen in the water 
was sufficient to destroy the organic matters existing in the 
effluent — in a word, whether the disinfection was permanent. 
It may be stated, however, that the amount of purification 
accomplished by the works at Bradford, has been sufficient 
to stop the complaints of a riparian owner down the river, 
and to satisfy the law with regard to the pollution of rivers. 

Disposal of the Sludgpe. — Returning to the tanks where 
the matters in solution are precipitated by means of lime» 
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the sludge is cleared away by^means of bottom sluices into 
an aqueduct which carries it to tanks, from whence it is 
raised by means of centrifugal pumps to a height of 29 feet, 
it then flows by gravitation through long wooden troughs to 
large reservoirs in the ground at the side of the works, here 
it remains until, by means of drainage and evaporation, it has 
arrived at such a consistency as will allow of its being loaded 
into carts and taken away. It then contains about 50 per 
cent, of moisture, whereas on leaving the tanks it contains 
at least 80 per cent The liquid from the reservoirs Ls drained 
off by means of carriers, and conveyed back to the precipita- 
ting tanks. Each reservoir is capable of holding 10,000 tons 
of sludge. The engineer, Mr. Alsing, calculates the quantity 
produced annually at G,000 tons. 

The town of Bradford has concluded an agreement with a 
contractor who receives the sludge gratuitously, he then carts 
it away and sells it to farmers. 

General Arrangement of the Works.— The works and 
appendages occupy an area of about 10 acres, which is 
appropriated as follows : — 



Building, ..... 

Tanks in mavsonry. 

Sludge reservoira, 

Outhouses, roads, yards, storehouses, &c.. 

Total, 



Sq. Yds. 
2,674 

6,926 

9,658 

29,232 



48,490 



The building consists of but one storey, and is divided into 
6 parts, which are appropriated as follows : — 



1. Slaking and sifting the lime. 

2. Making the milk of lime. 

3. Sludge-pumps. 



4. Engini-horsea 

5. Boiler-hou£e« 

6. Stores. 



There is no disagreeable odour arising from the works 
even in the hot season; this excellent result must, in great 
part, be attributed to the fact that the precipitated solids are 
not allowed to stop in the tanks, and do not remain in contact 
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with the effluent. The works are situated at Manningham, 
one of the most beautiful suburbs of Bradford, and do not 
appear to have given rise to any complaints from persons 
living in the neighbourhood. 

Both the works and the tanks are lit by gas, which 
facilitates work at night. The average number of workmen 
employed is 14?. A steam-engine of 25 nominal horse-power 
is sufficient for driving the machinery for sifting the lime and 
preparing the milk of lime, and also for working the sludge- 
pumps. It is estimated that, if all the machinery were in 
operation at the same time, an effective force of 40 horse- 
power would be necessary. 

Previous Works. — It is at once apparent upon inspecting 
the works at Bradford that they were constructed for different 
operations than those which are at present in use. In 1868 
a. proprietor of land adjoining the Aire, obtained a judicial 
injunction against the authorities of the town, compelling 
them to purify their sewage. The town expended £60,000 
upon works, having for their object the filtration of the sewage 
through peat charcoal. The Peat Engineering Company had 
charge of these works, which proved a failure. 

Expenditure. — The Corporation was constrained in 1874 to 
take these works in hand, and an additional cost of £3,600 was 
incurred for the purpose of altering the works already erected, 
so as to make them available for the lime purification process. 
It appears from the town accounts for 1883, that the yearly 
cost for repayment of loans and interest on the sewage works 
account amounts to £3,200. The engineer, Mr. Alsing, esti- 
mates that the cost of the first establishment would not at 
the presetit time have exceeded £40,000, viz : — 

Land, ....... £10,000 

Works, 25,000 

Machinery, &c., ..... 5,000 

£40,000 

It is expedient to remark that the expense incurred in the 
acquisition of land, in the immediate neighbourhood of a largo 
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manufacturing town, and in a rough and uneven country 
where suitable land was very scarce, is considerably in excess 
of what would be necessary for a similar installation in the 
valley of the Espierre. It also seems to us that the number of 
tanks could be reduced by increasing the surface of each one 
of tbem, and that by this means a further reduction in the cost 
might be made, and thus the cost of the first establishment 
might be reduced to £1,052 per 222,250 gallons of the daily 
sewage flow. 

The following is an abstract of the annual cost of working 
as given in the accounts for 18S3 : — 

Management, 

Labour, 

Kates, . . 

Lime, • . 

Coal, 

Coke-breeze and coke, 

Oil, grease, and tallow. 

Gas, 

Water, 

Cotton waste. 

Repairs to boilers and machinery, 

Repairs to tools and implements, 

Blacksmith and ironmonger, 

Charge for railway siding, 

Miscellaneous, . • 

£3,302 2 4 

If the daily flow be taken at 8,450,000 gallons, the cost of treatment would 
be 2s. 2d. per 100,000 gallons. 

The cost of the principal materials used are as follows : — 

Lime, ..... 9s. lOd. per ton. 

Coke-breeze, . . . . Os. lid. 

Coal, . . . . . 6s. Id. 

The reduced cost of working in comparison to that of 
Leeds, is due to the fact that the sewage flows to the works 
by gravitation, whereas at Leeds pumping machinery is re- 
quired. Coal and lime are also cheaper than at Leeds. The 
materials are conveyed to the works by the railway, with 
which they are in communication by means of a siding. 
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The problem of chemical purification of the sewage has been 
solved at Bradford in a most satisfactory manner ; the works 
which the Commissioners examined in detail are a credit to 
Mr. Alsing, their designer. 

Proposed Chemical Purification Works for Sheffield.— 

Mr. Alsing has recently been instructed by the Corporation 
of Shefiield to prepare a scheme for the treatment of their 
sewage by means of lime and intermittent filtration. 

Mr. Alsing informs us that there is no important difierence 
between the works at Bradford and those which are to be 
carried out at Shefiield. The Commission saw a report of 
the Committee appointed by the Corporation of Sheffield to 
inquire into the matter of sewage purification, in which the 
Committee declared that the system of precipitation by lime 
as practised at Bradford was the most economical, and one 
that satisfied in every way the law relating to the pollution 
of rivers. This Committee estimated the first cost of land 
and works at £62,500, and the working expenses at £6,000 
per annum for a daily sewage flow of 10,000,000 gallons. 

The foregoing details are from the Report of the Com- 
mission appointed to consider the question of the Purification 
of the Waters of the Espierre, dated March 2nd, 1885. It 
should be mentioned that the Sheffield works have since been 
constructed, and the author regrets that he is unable to 
include a desciiption of them in the present work. 



CHAPTER XXL 

NEW MALDEN — CHEMICAL TREATMENT AND SMALL FILTERS. 

Like Kingston-on-Thames, New Maiden formed one of the 
constituents of the Lower Thames Valley Main Sewerage 
Board, and upon its dissolution, immediately provided itself 
with a system of sewers, and with sewage disposal works. 
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GENERAL DESCRIPTION. I93 

Works. — Plans were prepared by Mr. Heward, Surveyor 
to the Local Board, and submitted to Mr* Baldwin Latham, 
M. List C.E., for revision. The plans were subsequently 
approved by the Local Government Board, and duly executed, 
the cost of the entire scheme being £15,800, of which sum 
£1,320 were expended upon the purchase of 11 acres of land. 
The sewage is pumped by means of gas engines, and three- 
throw pumps, the total lift being about 30 feet. 

Pumping Eng^es.— The pumps have strokes of 12^ inches, 
and diameters of 10 inches. The gas engines are of the 
Stockport type, and 6 N.H.P. each. The normal duty of 
each engine and pump is the raising of 20,000 gallons of 
sewage per hour. The engines are also used for working 
one of Bowes Scott & Read's lime-mixers. 

Experiments are being made with various reagents, and 
the chemical treatment of the sewage to be adopted remains 
under consideration. 

Tanks. — The tanks are of simple and good design, and 
of course suitable for the clarification of the sewage whatever 
chemical process may be finally adopted. 

The tanks are six in number, each of the following dimen- 
sions : — 20 feet x 20 feet, with average depth of 5 feet, and 
containing 75,000 gallons. Upon the large central division-wall, 
a carrier has been constructed provided with sluice-valves, by 
means of which the chemically treated sewage is diverted into 
any one of the tanks as desired. Under the same division- wall 
is constructed the sludge-culvert, and as the bottoms of the 
tanks are made to slope towards this division- wall, in which 
are suitable openings provided with penstocks, the sludge is 
readily removed from the tanks. 

Filters* — The treated sewage is allowed a rest of about 

two houi*s, in order that the suspended matters may be 

separated ; the clarified effluent is then drawn off by means 

of floating-arm valves, and discharged upon artificial filters 

of which there are four. 

The total area of the filters is one acroi a clay dam separ- 

13 
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ating them from each other. The filters are constructed with 
burnt ballast (burnt clay) and soil in equal proportions, well 
mixed together, and covered at the surface with soil, over 
which the tank-effluent is distributed. The filters are 4 feet 
6 inches in depth, are under-drained, and are at such a level 
compared with the adjoining land that the effluent from 
them may be turned over its surface if desired ; otherwise, 
it may be discharged into the Hogsmill stream, and thence 
carried to the Thames. The filters cost £400. The sludge is 
air-dried in small filters, the quantity being as yet too small 
to necessitate other treatment. When dry, it is either sold 
for a small sum per load or dug into the land. 

Cost* — The population draining to the works numbers 
3,000, and the working expenses, as given by Mr. Heward, 
are £195 per annum, equal to a rate of S^d. in the pound. The 
general arrangement of the works is shown on Plate 19. 



CHAPTER XXII. 

FRIERN BARNET — CHEMICAL TREATMENT AND SMALL FILTERS, 

The conformation of the surface of the Local Board District of 
Friern Barnet presented unusual difficulties in the solution of 
the sewage question, especially in the collection of the sewage 
into one outfall. The district is situated in the basin of the 
river Lea, the increasing pollution of which river eventually 
engaged the attention of a select Parliamentary Committee in 
1886. The Lea Conservancy Board had previously put pres- 
sure upon the various authorities contributing to the nuisance, 
to compel them to adopt remedial measures. Private owners 
interested in the purity of the streams passing through their 
estates were engaged in litigation with the Friern Barnet 
and the East Barnet Valley Authorities, the former in their 
turn proceeding against the Finchley Local Board higher up 
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the stream. Under these circumstances it was of the highest 
importance that the sewage disposal works should be of the 
highest efficiency, and capable of producing an effluent of the 
degree of purity required by the Lea Conservancy Board. 

Comprehensive interception-schemes to embrace the districts 
in the Lea valley, from Hertford and Walthamstow on the 
north and east, to Friern Bamet and Finchley on the west^. 
have been proposed at various times, and in 1871 Sir Joseph 
Bazalgette, C.B., devised a scheme for an intercepting sewer 
for diverting the sewage of all the districts north of the 
Thames, from Windsor to London, but up to the present all 
these schemes have fallen through. So long ago as 1866 the 
Tottenham Local Board proposed united action, being, they 
said in a circular letter, convinced that without this, all 
attempts to place the drainage on a satisfactory and permanent 
basis must prove abortive ; adding that the resources of some 
of these parishes, instead of being devoted to works of general 
and mutual improvement, have already been, and will con- 
tinue to be, exhausted in a continuous round of litigation. 
However, in the result litigation was abundant, but no 
concerted action took place. Finchley and Friem Barnet 
jointly entertained a proposal for dealing with their combined 
sewage on an irrigation farm in the latter parish, in accordance 
with a scheme prepared by Mr. Baldwin Latham, M. Inst C.E.,. 
and also subsequently considered a scheme to construct a joint 
outfall sewer to Edmonton, where the Edmonton Local Board 
were prepared to deal with the sewage. The negotiations failed, 
as did also a proposal for an outfall sewer to Edmonton for the 
Friern Barnet district alone. Eventually all these districts 
made their own arrangements for dealing with their respective 
sewage. 

The parish of Friem Barnet was originally in the district 
of the Barnet Bural Sanitary Authority; but its rapidly 
growing importance making separate administration desirable, 
with the consequent advantage of obtaining direct control 
over the sewerage expenditure, the Friem Bamet Local Board 



196 FRIERN BARNET. 

was called into existence in 1884, taking over the liabilities 
of the Parochial Committee of the Barnet R.S. A., and amongst 
these liabilities an injunction restraining them from the 
pollution of Pyrus brook. The new Board proceeded at once 
to the consideration of the sewerage of the district, and carried 
out the present sewerage and sewage disposal works, from 
designs prepared by Mr. Baldwin Latham, M. Inst. C.E. 
These works, the leading features of which will tiow be de- 
scribed, were completed in September, 1887, and have been 
in satisfactory operation since that date. 

Nature of the District. — The district of Friem Barnet is 
intersected by three valleys running east and west. This 
necessitated the construction of three deep outfalls in tunnels 
of 900 yards, 330 yards, and 2,300 yards in length respectively, 
in order to bring all the sewage to one common point. The 
whole of the sewage is thus brought to the disposal works by 
gravitation, with the exception of that from about seventy 
houses in a low lying part of the district at Ely Place. Auto- 
matic hydraulic pumping machinery, actuated by high-pressure 
water, transmitted from the works, has been erected to lift the 
sewage from this district into the gravitation system. The long 
tunnel outfall necessary to bring the sewage from the northern 
valley into the middle valley by gravitation, was thought at 
one time to involve a cost out of proportion to the population 
to be served thereby ; but, it was found that the alternative 
of establishing an automatic pumping station similar to that at 
Ely Place, although the initial outlay would not have been so 
great, would, on account of the working expenses, have been a 
greater burden, especially when Oakleigh Park and the 
northern valley came to be developed and the population 
increased. Moreover, the tunnel outfall provides an outlet for 
the drainage of a large area not at present built upon at the 
northern end of the parish, that could not otherwise have been 
so satisfactorily dealt with. These considerations led the 
Board to adopt a comprehensive gravitation scheme as being 
the most economical in the end. 
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The tunnel outfalls are in the London clay throughout, and 
the sewers were constructed without any difficulty. The 
sewer in the lower tunnel outfall is an 18-inch pipe surrounded 
by concrete, and the gradient is 1 in 650 ; the upper tunnel 
outfall is a 15-inch pipe surrounded with concrete, laid at a 
gradient of 1 in 450. The sizes of the collecting sewers range 
downwards to 9 inches diameter, and are generally in the 
London clay, except on the summits of tho, hills, where gravel 
was usually found. Extra thick glazed stoneware pipes were 
used throughout, the thickness being one-tenth of the internal 
diameter. 

Drainagfe System. — ^The separate system of drainage is 
adopted, but provision is made for taking the rainfall from the 
roofs and yards into the sewers wherever difficulties are 
found in providing a separate outlet. All the old sewers and 
drains have been preserved for carrying off the surface water, 
and, as they already discharged into the natural water-courses, 
all that was necessary was to ascertain where the existing 
house-drains entered, and transfer their connections to the 
new sewer. Owing to the absence of any plans or information, 
searching for these old drains occupied considerable time, but 
only in this way could the pollution of the streams receiving 
these surface water-drains be prevented. 

The flattest gradient is in the main outfall sewer, viz., 1 in 
650, the sewer being an 18-inch pipe. In the 9-inch collecting 
sewers all except a very few have a fall exceeding 1 in 200. 
AH the extremities of the system have 1000-gallon flush-tanks 
fitted with automatically discharging syphons. These tanks, 
with the exception of two, are supplied from the Water 
Company, the remaining two flush-tanks receive the exhaust- 
water from the high-pressure cylinders of the hydraulic pump- 
ing machinery at Ely Place, which is sufficient to cause them 
to discharge several times a day. 

Much difficult}'- was experienced at the outset in including 
the sewers in private roads, not repairable by the Board, in 
the general scheme carried out at the cost of the Board, on 
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account of the opinion strongly expressed in the parish that 
the adjoining owners should bear the expense of such sewers. 
The latter course, however, would probably have involved 
much litigation in recovering the cost, and many of the sewers 
were outfall sewers for districts above ; and under no circum- 
stances could the Local Board make the owners pay for a sewer 
more expensive than the requirements of their particular road 
necessitated. The Board, after much consideration, decided that 
it would be to the public interest to sewer (as part of their 
general scheme and at the expense of the district generally) 
such of the private roads as at that time required sewering. 

The Sewage Disposal Works.— The method of treatment 

adopted is chemical precipitation, followed by filtration through 
artificially prepared filters. The works have been erected just 
outside the Local Board district in the middle of about 19 acres 
of land, in a comer of the parish of Tottenham and close to the 
Great Northern Eailway. The nearest houses are about 300 
feet from the works, and, so far as the author is aware, no 
complaints of any nuisance have been made by the occupants. 

The sewage, on delivery from the 18-inch outfall sewer, 
passes through a Latham's rotary extractor screen, 10 feet in 
diameter and J-inch mesh, which removes the larger solida 
It then passes on to a small water-wheel which is geared to 
the rotary extractor just referred to. The chemicals are here 
added, the greater portion of which passes through two 
mechanical regulators of vulcanite worked by the water-wheel. 
The amount of chemicals added to the sewage is thus made 
proportional to the speed of the water-wheel and so to the 
quantity of sewage passing. One of these regulators is for the 
alkaline chemical (lime having been used up to the present), 
and the other is for the acid chemical. The former falls into 
the sewage from a notched distributing trough fixed immedi- 
ately in front of the water-wheel, in passing which it gets 
thoroughly mixed with the sewage. The acid chemical enters 
the sewage about halt way down a salmon-ladder channel, 
which the sewage traverees after leaving the water-wheel, the 
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slate projections in this channel aiding in the thorough 
incorporation of the chemicals with the sewage. The sewage 
now enters the settling tanks, three of which have been 
provided, and, after depositing the solids, passes downward 
and upward through coke-filters, and thence to the prepared 
filter-beds by a suitable arrangement of carriei's. The purified 
effluent is collected by under-drains, and finally discharged 
through an 18-inch outfall into the Bounds Green brook, a 
small tributary of the river Lea. The relative volumes of this 
brook and the effluent are, in ordinary weather, about 8 or 9 to 
1, but in continuous dry weather the brook gets reduced much 
more proportionally to the effluent discharged into it 

The sludgfe deposited in the settling tanks is discharged 
through a penstock into an underground tank, 12 feet by 
6 feet and 60 feet long, extending from the buildings nearly 
to the settling tanks. The sludge is raised thence by a 
chain-pump into a lime mixing-pit,, from which it is pumped 
by three-throw ram-pumps into Johnson's filter-presses, and 
converted into sludge-cake, or is pumped to a portion of the 
land, forming the site of the works, where it is incorporated 
with the soil. 

The mechanical power in the works is supplied by a pair 
of high-pressure engines, with 12-inch diameter cylinder and 
2-feet stroke, and two Cornish boilers, 15 feet long and 5 feet 
in diameter. Each engine, by means of shafting and pullies 
distributing the power throughout the building, is capable of 
working simultaneously the sludge-pumps and sludge-pressing 
apparatus, the chemical grinding-mills and mixing-vats, the 
high-pressure pumps for transmitting hydraulic power to 
Elj' Place, before mentioned, and the small pumps for supply- 
ing the high-level water-tank. The machinery throughout is 
in duplicate. 

Appliances* — Four circular vats, G feet in diameter and 3 
feet deep, are provided for mixing the chemicals ; two are of 
wrought-iron and two of wood, the latter being for acid 
chemicals* Each vat is fitted with rotatory stirring arms 
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driven by a belt ; and the chemical grinding-mills for pulver- 
ising the chemicals are arranged so as to deliver their contents 
into the vats. 

The supply of water for the mixing-vats and also for the 
hydraulic power, is drawn from the effluent from the settling 
tanks, being pumped by a pair of 3-inch pumps driven from 
the shafting. 

The three settling tanks are each 97 feet long by 21 feet 
wide, and the depth of sewage, when full, varies from 6 feet 
at the inlet end to 4 feet 9 inches at the outlet end. ' The 
capacity of each tank, after allowing for sludge-space, is about 
9,300 cubic feet. Two tanks are used at a time, except in 
very hot weather when only one is used, the present small 
flow of sewage being insufficient to change the contents of 
two tanks frequently enough to' keep the sewage inodorous 
when the temperature is very high, unless unduly large doses 
of chemicals were used. The tanks are provided with scum- 
boards and also with two cross-walls, over which the sewage 
has to flow in a thin film. The sewage on leaving the tanks 
is discharged over a small weir, arranged so as to obtain as 
much aeration as possible. 

The quantity of coke provided for filtration is 550 cubic 
feet for each tank, and this is removed from each every month 
and used as fuel in the boiler-furnaces. 

Filter-beds. — ^The total area of the filter-beds is 1 J acres ; 
they are divided by concrete walls into four, at different levels. 
The filtering material is 6 feet thick, being composed of a 
bottom layer 2 feet 6 inches thick of burnt ballast from clay 
obtained on the site, broken to pass through a 1-inch mesh 
eeive, and screened so as to remove the fine material. Next 
is a layer 3 feet thick of an equal mixture of burnt ballast 
small enough to pass a ^-inch mesh, coke-breeze, and surface 
soil thoroughl)^ incprporated together. The surface of the 
filter is covered with 6 inches of surface soil. Great care 
was exercised in the selection of the surface soil, so that it 
should be free from any admixture of clay, which would have 
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prevented the free passage of water and have caused the filter 
to get consolidated and incapable of ready aeration. The soil 
which has been used, was obtained in Hertfordshire, and is 
of a light nature. Perforated under-drains collect the effluent 
under the filter and discharge it into the Bounds Green brook. 
The filter-beds in use are changed every three days, and it 
is found that they are ready for use again after an interval 
of about three days, but varying according to the weather, 
recovering of course more quickly in warm dry weather. 
Occasionally the surface is raked or harrowed with a small 
hand-harrow to facilitate aeration and increase the purifying 
energy of the microbes in the filters. There is very little 
sewage-fungus in the under-drains, and the effluent discharged 
into the brook is very clear and bright, tending to purify the 
latter, which is often highly polluted by Authorities higher 
up the stream. 

Pumping. — The special machinery, &c., for pumping the 
sewage at El}'' Place by transmitted power, consists of an 
accumulator, giving a normal working pressure of 280 lbs., 
a pair of high-pressure pumps, a 2-inch hydraulic main 1430 
yards long, and Davey's differential hydraulic pumps, auto- 
matically controlled at Ely Place. In dry weather the pumps 
are working, on an average, three hours a day. They are 
visited daily by a boy for the purpose of oiling, and have 
worked without more attention than this for two or three 
months at a time. 

The flow of sewage at present (1889) is about 120,000 
gallons a-day, and the amount of chemicals daily used for 
treatment is 1 cwt. of lime and ^ cwt. of sulphate of alumina 
or J cwt. of Hanson's black-ash waste. This is about 6^ grains 
of lime per gallon and 1'6 grains of alum or black-ash waste. 

At present the sludge is usually pumped by the sludge- 
pumps on to a high portion of the land, and dug in as a 
fertilising agent for the production of crops, but three 
Johnson presses are provided for converting it into cake, 
if at any time the above method of utilising it is not 
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available. In January, 1888, when the sludge was all 
pressed, the average weight of sludge-cake obtained per day- 
was 1 ton 12 cwt., which would be at the rate of 13^ tons 
per million gallons, an unduly large amount, pointing to a 
very concentrated sewage. 

Cost. — ^The following are a few particulars relative to the 
seweraore works : — 

Population ux 1888 (exclusive of the Asylum) estimated . 6,400 
Eatable value, 18S8, ..... £32,500 

Cost of Disposal Works— 

Filters, £2,847 

Sewage tanks, ..... 1, 108 

Sludge-pit, . . . . . . 302 

Buildings, 2,233 

Chimney shaft, ..... 237 
Machinery* (including accumulator and high- 
pressure pumps), .... 3,625 

£10,354 

Cost of sewage treatment and sludge disposal for year ending March 25th, 
1889 (including working expenses for Ely Place) — 

Wages^4 men and 2 boys, . • 

Chemicals — Lime, 18 tons 2 cwt., at £1, Os. 6d., 

Sulp. of alumina, 4| tons, at £3, 

Blk. -ash waste, U tons, at £3, 12s. 6d 
Fuel — Coal, 176^ tons ; coke, 86 chal., 
Water, ..... 

Sundries, oil, tallow, repairs, &c. , . 
Insurance, rates, and taxes, . 



. £332 16 
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The author is indebted to Mr. Baldwin Latham, M. Inst. C.E., 
for permission to publish the description of these works, and 
to Mr. Ernest Bruges, Assoc. M. Inst. C.E., for the details. Mr. 
Latham designed the works, and Mr. Bruges acted as Resident 
Engineer during their construction. The general arrangement 
of the works is shown on Plate 20. 
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CHAPTER XXIII. 

ACTON— FEROZONE AND POLA.RITE PROCESS. 

The Acton Sewage Disposal Works have excited a consider- 
able amount of interest, since a new departure in sewage 
treatment][has been successfully brought into operation at 
these works. 
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Tanks. — The settling tanks are of simple design, and do not 
necessitate much description. The treatment of the sewage 
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consists in the addition to it of Ferozone — described in the 
Chapter on Chemical Processes — and after deodorisation, and 
precipitation of the suspended matters, the eflSuent is made to 
pass through two small filters composed of polarite and sand. 

Filter. — The tanks and works are shown upon Plate 21, 
whilst the woodcut (fig. 14, p. 203) represents a section of the 
polarite filter. Coarse gi-avel — intersected with drain pipes — is 
laid upon the floor of the filter, then pea gravel, fine sand, sand 
and polarite mixed, and finally sand, are built up in horizontal 
layers, and the tank effluent passes downwards, on the inter- 
mittent principle. 

The author experimented with a [filter of this kind at 
Wimbledon, and found ordinary top soil quite efficacious in 
place of the sand forming the topmost layer. The daily 
passing of large volumes of sewage effluent through each 
square yard, 1,000 gallons and upwards, soon clogs the top 
inch or so of filtering material, since nearly all tank-effluents 
contain two or three grains of suspended matters per gallon, 
and any plan that obviated the expense of removing and 
washing the sand would prove very advantageous to the 
system. 

The greater portion of London water is filtered at the 
works, before being pumped into the mains, and at one of the 
largest works, when it is necessary to cleanse a filter, a layer 
of sand about |-inch thick is skimmed off, the water is again 
admitted, and again, when necessary, a layer of sand is 
skimmed off; in this manner 1 foot of sand is eventually 
removed in sixteen skimmings, when a foot of washed sand is 
re-placed upon the filter, and the operations are repeated. 
The entire cost of the series amounts to about £185 per acre, 
which is inclusive of water for washing sand at 2d. per 1,000 
gallons.' About 900 million gallons of water are filtered per 
acre per series of operations, so that the cost of filtering London 
water is about 4s. per million gallons. But sewage would cost 
a great deal more, as it contains much more suspended matter. 

"With regard to the efficiency of the filters, the potency 
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of a substance as a purifying, deodorising, decolorising and 
filtering medium is dependent upon and may be measured 
by its power of occluding and polarising oxygen. The occlu- 
sion, or condensation of polarised oxygen takes place upon 
the surfaces both interstitial and superficial, consequently, 
that material which presents the largest surface in the smallest 
cubical space, is the most powerful purifier and filterer. SpoDgy 
platinum fulfils best these conditions, and is consequently the 
most powerful purifier and filterer, and the best insoluble 
oxidiser known. Its enormous price, however, shuts it out 
altogether from practical use. The use of animal charcoal has 
been suggested, but its high price and constant necessity of 
re-carbonising prevent its adoption by Sanitary Engineers for 
the filtration of efiluents, and Scientists now declare animal 
charcoal to be a dangerous material for filters, owing to the 
presence of phosphates which are known to promote fungoid 
growth. It is thus evident that a good and cheap filtering 
medium, such as * Polarite' possessing great oxidising powers 
and quite inaolvhle, is much needed." — {Dr, AngelL) 

'* As the sewage at Acton Ls received in the fresh state, the 
liquid has not yet lost its dissolved oxygen, nor has the greater 
part of the organic matter been broken up into soluble, and 
therefore more hurtful products. 

"The larger portion of this organic matter is therefore 
removed partly by natural subsidence and partly by the 
precipitate formed by the ferrous sulphate. The filtration 
removes all the suspended matter and a further purification 
is efiected by the porous magnetic oxide, which, on absorption 
of organic matter in its pores, oxidises it by help of the 
dissolved oxygen existing in the liquid. 

" The filter beds at Acton have now been in use for fourteen 
months, the only cleansing having been the removal of the 
surface layer of sand." — {Sir R. Roscoe,) 

The accompanying Plate (21) shows a ground plan of the 
Acton works. For convenience of reference, each part of the 
works has been numbered. No. 20 is the pump-well, 36 feet 
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in depth, from ivhich the sewage is lifled into a channel, 21, 
and arriving at the point C meets the high-level sewage— 
which gravitates to the works ; at this point the ferozone is 
added (about 8 grains to the gallon being used), and the 
treated sewage flows into any one of ,the three tanks as 
desired, each of which will contain 15^8,000 gallons, the 
clarified effluent being drawn off by means of floating arms. 
The tank inverts are segmental in cross-section, and slope 
towards the sewage inlets — thus the sludge is readily removed. 

The sludge is first pumped into a rotary agitator, 'where is 
added more ferozone, and then it is filter-pressed, dried, and 
ground for manurial purposes. As no lime is used, it is 
claimed that the manure is of superior qualitj'. 

The Ferozone Process. — The process has been examined 
and reported upon by Sir H. Roscoe, M.P., F.RS., &a, and 
the following is an extract from his Report to the Directors 
of the International Water and Sewage Purification Company: — 

" Many samples of the tank liquid and the filtered effluent 
were taken by Mr. Lailey, the Engineer to the Acton Local 
Board, and also by my Assistant, Mr. Joseph Lunt, B.Sc., and 
these were analysed. 

" I have alwa5's found that the filtered effluent was equal 
in appearance to the sample taken on the day of my visit — 
viz., bright, clear, colourless, and free from objectionable smell. 
Many samples of this filtered effluent have been analysed. 
The average results obtained are given in thefoUowing figures: — 

" Analysis of Filtered Effluents. 

Parts p9r 100,000. Grains per GftHon. 
Chlorine, . . . 6*4 . . 4 '48 
Free aaimonia, . . 0-406 . , 0*284 
Albuminoid dc^, . . 0025 . . 0*018 
Oxygen absorbed from perman- 
ganate in 4 hours, . 0*325 . , 0*228 

" Samples of the eifluent have been kept in absence of air for 
nearly two months, and have still retained their good qualities. 

"They exhibit no trace of putrefactive change, but have 
rather undergone improvement, inasmuch as in most cases a 
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slight green growth has taken place, showing that the effluent 
is in a condition to be acted upon by the natural influences 
which tend further to improve the water whilst flowing along 
a stream. 

*• But it is to be observed that the amount of organic matter, 
as measured by the quantities of the two forms of ammonia, is 
above the limit of a safe drinking water. Hence whilst the 
effluent is an excellent sewage-effluent and may be sent into 
the river at the present outflow without danger, it is obviously 
unfit for drinking purposes. 

*^ I consider the removal of all the suspended matter to be a 
very good point in favour of the system. Another is the inter- 
mittent nature of the filtration." 

Quite recently, the ferozone and polarite process has been 
adopted at the Hendon Sewage Works, which were originally 
laid out for the lime and alum process, the tank-effluent being 
discharged upon artificial filters for further purification. The 
treatment did not prove successful, the filters containing too 
much clayey material, in consequence of which they cracked 
freel}'-, and admitted unpuritied sewage into the drains, the 
outfall being into the Brent Reservoir. 

Subjoined is an analysis of the sludge obtained at Hendon:—* 

*'Thb International Process Sewage Manuke from the 

Hendon Sewage Works. 

'' Dried sludge (not pressed) collected May 9th, 1889, from average daily 
samples produced during a period of two months. 

** Analysis of Sewage-Sludge from Hendon, Air-Dried* 



MoUtnre (12*62), 
Organic matter, . 
Oxide of iron, 
Alumina, 

Phosphate of alumina, 
Magnesia, . • 

Potash, • • 

Sand and clay. 
Sulphuric acid (SO3), 



Percent. 

12*62 

46-60 
3-60 
2*96 
2*21 

none* 
0-29 

29*20 
1-46 

98*94 



Ammonia, 



2*2& 
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" This sludge is in a fine uniform state of division, and is of good quality 
in manurial properties. 

(Signed) ** Arthur Akgell, Ph.D., F.LC, 

** Public Analyst, 
"The 2 '28 per cent, of ammonia at present market value of 8d. per lb. 
would be worth about 348. per ton of sludge dried to 124 per cent, moisture ; 
the quantity of such dried sludge obtained from one million gallons is esti- 
mated at sixteen tons, and the value £27, 4s. for ammonia, exclusive of the 
value of the phosphates, potash, &c." 

Having regard to the past history of sewage manures, 
Dr. Angell is at least sanguine as to the value of the material, 
and taking the ferozone used as amounting to a ton per 
million gallons of sewage, and its cost 60s., the production of 
manure of the value of £27 from each million gallons of 
sewage, would revolutionise sewage treatment, and, indeed, 
solve the sewage problem. 

At Acton the sewage of 7,000 persons is dealt with, but the 
author is not in possession of a statement of working expenses. 



CHAPTER XXIV. 

ILFORD, CHADWELL, AND DAGENHAM SEWAGE DISPOSAL WORKS. 

The following details of the above works have been supplied 
to the author by Mr. B. S. Brundell, Mem. Inst C.E., who 
designed and carried them out : — 

Drainage Area. — In 1880 the question of sewage disposal 
came indirectly under the consideration of the Rural Sanitary 
Authority of the Romford Union, and at that time, the 
Barking Town Ward being under the jurisdiction of the 
Authority, it was suggested that a combined scheme for the 
drainage of the whole of the parish of Barking (consisting of 
the Barking Town Ward, the Ilford Ward, the Ripple Ward, 
and the Chadwell Ward) would be desirable, and Mr. Brundell 
of Doncaster, a member of the Institution of Civil Engineers, 
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HISTORICAL NOTE. 209 

was instructed to prepare the first instalment of that scheme 
— viz., a plan for the sewerage of Barking, which is at the 
lowest or outfall end of the parish. 

In 1881 Mr. Brundell prepared a scheme for the drainage of 
Barking proper, which had in view provision for the addition 
to it, at a future time, of Ilford and so much of Chadwell as 
required draining. 

This scheme came before one of the Engineering Inspectors 
of the Local Government Board, Mr. Harrison, M. Inst. C.E., in 
March, and again in May, 1882, when the inhabitants of 
Barking objected on the grounds that if a scheme of drainage 
for Barking was necessary, it was desirable that it should be 
carried out by a Local Board to be formed for the Town 
Ward, and Mr. Harrison agreed to suspend his report until 
the Barking people had had time to petition for the formation 
of a Local Board ; this they did, and as the Rural Sanitaiy 
offered no opposition, the prayer of the petition was granted 
in due course, and the Town Ward became a Local Board 
District, and all jurisdiction over and responsibility for it was 
withdrawn from the Rural Sanitary Authority. 

This brought matters to the beginning of 1883, when the 
Rural Sanitary Authority were called upon to consider the 
sanitary condition of the Ilford and Chadwell Wards of the 
parish, where great sickness prevailed, chiefly due, it was said, 
to the want of proper drainage and to generally defective 
sanitary arrangements. Ilford had^ in fact, at this time only 
two or three ancient brick sewers in the old part of the town, 
with outfalls discharging into the river Roding ; and the new 
building estates, of which there were several, were practically 
without any drainage worthy the name. Chadwell, too, had 
no sewers of any kind, but mere surface-water grips emptying 
into the nearest ditches. 

Mr. Brundell was again instructed by the Rural Authority 

to prepare a scheme dealing with Ilford and Chadwell, and 

when he came to investigate the district he found that Dagen- 

ham and Chadwell were so mixed up, Chadwell Heath being 

14 
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in fact in the parish of Dagenbam, that it was difficult, if not 
impossible, to design a scheme that did not embrace both. 
He, therefore, submitted plana dealiog with the whole of 
Ilford Ward, and so much of Chad well Ward and Dagenham 
Parish as lies north of Green Lane, proposing that tliese 
together should form a special drainage district. This recom- 
mendation was adopted by the Rural Sanitaiy Authority, and 
came before Major Hector Tulloch, one of the Engineering 
Inspectors of the Local Government Board, at an enquiiy 
held at the Angel Hotel, Ilford, in April, 1884. 

The Local Government Board, in due course, sanctioned the 
scheme, but declined to form a special drainage district; the 
effect of which is that the whole ratable value of Chadwell 
Ward and the whole ratable value of Dagenham Parish con- 
tribute to the cost of the scheme, instead of its being confined 
to the parts to be drained, as was desired by the Authority. 

One effect of the refusal of the Local Government Board to 
sanction the special drainage district, as asked for, was not 
quite foreseen at the time, and that was that it left the Hippie 
Ward as part of the contributing area, although no part of it 
was within the drainage area. 

This caused some complication and considerable delay, and 
in .the end, on the petition of the Ripple Ward, with the 
concurrence of the Barking Local Board, this ward was added 
to the Barking Town Local Board district, and now forms part 
of that district for sanitary and other purposes, leaving the 
Ilford and Chadwell Wards of the parish of Barking still 
under the Rural Sanitary Authority. 

Works. — The Ilford Ward contains 6,194 acres, the Chad- 
well Ward 2,298 acres, and the parish of Dagenham contains 
6,556 acres ; and these 15,048 acres form together the contri- 
buting area to the scheme of drainage. The ratable value of 
houses is charged in full, cottages at half, and the land at 
one-fourth. 

The site selected for the outfall works is a piece of land 
7 acres in extent, about 25 feet above mean sea level. 
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SEWAGE TREATMENT — COVENTRY. 211 

The chief part of the sewage flows to the sewage works by 
gravitation, but the low lying parts of Ilford abutting upon 
the river Roding, near Ilford Bridge, and a portion of the 
St. Mary's estate, which is also very low, requires to be 
pumped, as well as that part of the Ilford Park estate 
adjoining Cranbrook. 

On reaching the works, the sewage is treated with milk of 
lime in the usual proportions, and after passing through the 
settling tanks, in which the suspended matters subside, the 
clarified water is applied to the land, on the intermittent 
downward filtration principle. The effluent is finally dis- 
charged into the Thames. The works are of a simple 
character, as will be seen on referring to the plans. One 
novel feature, however, is the ingenious liming arrangement 
of Messrs. Bradley. The sludge is swept from the settling 
tanks into a well, from which it is pumped to drying beds, 
and eventually disposed of on land. The works are a good 
example of those necessary for the sewage disposal of a small 
district. The author regrets to be unable to give the annual 
working expenses. Plates 22 and 23 show the general arrange- 
ments of the works. 



CHAPTER XXV. 

COVENTRY. 

The sewage disposal works were constructed by the General 
Sewage and Manure Company, Limited, in 18741, but have 
been altered and modified in various directions in order to 
meet the altered conditions of the case, due principally to a 
large increase of population. 

Population, &C. — The population now draining to the 
works numbers 50,000, whilst the sewage flow is about 
2,000,000 gallons per diem, which gravitates to the sewage 
disposal works at Whitley. 
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Treatment. — ^The sewage first passes through a screening 
chamber, where all large solids are separated by means of a 
Latham's patent archimedean extractor. About 7 cwts. of 
solids are removed in this way daily, and are sold as manure. 
The sewage is then conveyed through a building in which 
are the appliances for adding and mixing the chemicals 
employed, lime and sulphate of alumina, of which are used 
per 1,000,000 gallons, 6^ cwts. of lime, and 9 cwts. of sulphate 
of alumina. Contrary to the usual practice, the lime is added 
last. The sewage and chemicals are well stirred up as they 
pass through a mixing-well, and then the treated sewage 
flows to the settling tanks, of which there are eight, each 
being 29 feet in width, 140 feet in length, and nearly 5 feet 
in depth, and having an average capacity of 120,000 gallons. 
There were originally but four tanks, but experience had 
4shown that smaller tanks were preferable, and the four were 
made into eight by means of walls placed longitudinally down 
^he centre of each tank. The cross-walls which were built 
rat about two-thirds of the distance from the inlets, and over 
^hich the sewage had to pass, have been removed, and the 
tanks perform their functions in a thoroughly satisfactory 
manner. In a recent reference to these works. Dr. Frankland 
stated that the effluent contained as little suspended matter 
as that from the more complicated systems of tanks on the 
separate system which he had examined. 

Each of the settling tanks is cleared out twice weekly, the 
wet sludge amounting to 460 tons, which is pressed into 100 
tons of cake by means of Johnson's filter-presses, and sold at 
Is. Cd, per ton. 

Filtration. — The effluent water from the tanks passes on to 
an intermittent filtration area, 8 acres in extent, freely under- 
drained at a depth of from 5 to 7 feet. The action of this 
filter is to materially reduce the amount of dissolved organic 
matter ; although, as the effluent from the land is quite free 
from nitrates, the land is not of sufficient area to " completely '* 
deal with the sewage. The fact of the works having been in 
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operation for a long period, however, may be taken as pre- 
sumptive evidence that the object sought to be attained is 
fairly accomplished. 

The land is under-drained by means of a central main-drain, 
and by lateral drains placed about 15 feet apart (see Plan). 
A series of manholes is provided on the main drain for the 
purposes of inspection, and the aeration of the soil. 

The purified effluent is finally discharged into the Sher- 
bourne, a stream of modest dimensions, but with a moderately 
good fall and consequent fairly rapid movement. 

Crops. — The land is cropped with Italian rye-grass, the 
prices obtained varying from £2 to £3 per week during the 
season. 

Cost. — With regard to the history of these works, it should 
be mentioned that, in 18G9, the Corporation purchased 262 
acres of land, at a cost of £27,000, for sewage disposal 
purposes, and plans for laying out this land were prepared 
and submitted by Mr. Hawksley, M. Inst. C.E. In con- 
sequence of the relative levels of the land and the outfall 
sewer, the sewage would require to be pumped, and the cost 
of so doing and of preparing the land appear to have deterred 
the Corporation from carrying out the work, and instead a 
contract was entered into by the Corporation and "The 
General Sewage and Manure Company, Limited," with the 
object of purifying the sewage by means of the process 
patented by Dr. Anderson. The Company erected works 
(see Plan) costing £12,000, which, with the modifications 
before pointed out, are now in successful operation. 

The works have, however, for some time been under the 
entire management of the Corporation of the town of 
Coventry, the annual cost of treating the sewage amounting 
to £3,200. 

The author is indebted to Mr. J. C. Melliss, M. Inst. C.E., 
for many of these details. The plan of the works is given on 
Plate 24. 
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CHAPTER XXVI. 



WiMBLEDOX. 



Physical Features. — ^Wimbledon is a well-known residential 
suburb of the Metropolis, situated about 5 miles to the 
south-west of Westminster Abbey. 

The area of the district is 3220 acres, 640 acres of whicli 
form the Wimbledon portion of the Common, which, with the 
500 acres in the parish of Putney, form the well-known 
Wimbledon Common, one half of which is a flat table land, the 
Temainder consisting of beautifully- wooded slopes. The north- 
western corner of the Common adjoins Richmond Park, and 
these two beautiful open spaces form a magnificent lung, for 
ever available as a great health-giving function by the 
surrounding districts, and by the vast Metropolis. Wimbledon 
parish is, approximately, rectangular in plan, a little less than 
3 miles in length and 2 in breadth. So far as its physical 
characteristics go, the parish may be divided into three zones 
of nearly equal area, as follows : — 

(a.) The plateau on the south-east of the London and South 
Western Railway, having a mean elevation of about 50 feet 
above ordnance datum. 

(6.) The slope connecting this plateau with the upper table- 
land. 

(c.) The table-land, with an elevation 180 feet above 
ordnance datum. Each of the three sub-districts is, for 
drainage purposes, provided with an outfall sewer, the sewage 
from two of which gravitates into the sewage tanks, whilst 
that from the third or low level requires to be pumped. 

Population, Ratable Value, &c.— The main drainage 
system was very fully developed in the years 1886-7, although 
the extremely rapid increase of population in the district, has 
since rendered additional works necessary. According to the 
census of 1881, the ratable value was £159,137, and the 
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GENERAL DETAILS. 215 

population 10,947; these are now (1889) — ratable value 
£185,000, population 26,000. 

The separate system of drainage has been carried out as far 
as expedient, the old sewers having been retained and im- 
proved for the conveyance of surface-water, on the sewage 
being diverted into the new sewers. 

All new roads now made up under the loOth section of the 
Public Health Act are provided with duplicate means of 
drainage, and the entire scheme offers a good example of the 
*' separate system," the advantages of the axiom, " the rainfall 
to the river, the sewage to the land," being both fully 
recognised and acted upon. Large quantities of roof-water are 
still admitted to the sewers, however, with the consequence 
that in heavy storms they are sometimes surcharged. The 
author does not consider it desirable to carry drains for rain- 
water to the backs of houses in close contiguity to the soil 
drains, as there would be great risk of unprincipled persons 
connecting their soil drains with the raio- water drains in the 
event of a stoppage of the former, and for this reason all rain- 
water pipes at the backs of the houses are connected with 
the soil drains. 

The length of the main-sewers and surface-water drains and 
culveiis is now about 70 miles. 

Population Draining to Sewage-disposal Works, — ^The 
estimated number is 26,000. 

Eatable value, £185,000. 

Water-closets, in nearly every house. 

Dry-weather sevjage flow, 30 gallons per head, or 780,000 
gallons per diem. The yearly sewage flow exceeds this 
quantity by just 50 per cent. — i,e., the average daily flow 
(which is inclusive of rainfall) amounts to 45 gallons per 
head. 

Stomi'Water. — In addition to the separate system of sewen?, 
storm-overflows are provided, two of which discharge into 
streams, the third into a fllter-bed at the sewage works. 

Sewage Treatment. — The sewage is first either filtered, or 
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is chemically treated in settling tanks, \(uid the liquid portion 
is then applied to land. ^ 

Tanlcs. — ^There are two sets of tanks ifcr the reception of 
the sewage, one set for that from the high-l€\vel outfall sewer, 
and one set for that from the middle- and I(>«r-level outfall 
sewers. \^ 

On referring to the plan, the position of the ^high-level 
tanks may be seen to be immediately adjoining they London 
and South-Western Railway, whilst the other set of ^^ks is 
situated at the north-east end of the pumping station. \ 

There is a considerable amount of difference in the levels of 
the land composing the sewage farm, the mean levels of the 
highest and lowest plots being C3 feet and 27 feet above O. D. 
respectively. The farm is divided into two portions by the 
Durnsford Road, and the relative levels of the large settling 
tanks and of the land on the west side of the road are such as 
do not admit of that portion of the land being irrigated with 
sewage from those tanks. Unless pumping be resorted to, 
therefore, the high-level sewage is alone available for applica- 
tion to that portion of the farm. 

A plan and section of the high-level tanks are given o^t^, 
Plate 25, It will be observed that these tanks are really 
straining tanks, the sewage is admitted at the point A, and on 
passing into the central division the fatty and other light 
matters rise to the surface at K, whence they are periodically I 

removed. The sewage next passes into one or other of the J 

screening chambers, through the openings B and C, both of 
which are provided with penstocks. The chambers are pro- 
vided with double bottoms, upon the upper of which rest the 
filters, L ; these are merely formed of coarse hard-burnt cla}^ 
but having regard to the tendency to lift in times of heavy 
rain, a heavy material, such, for instance, as basaltic or 
granitic road-stone, would be prefei-able. In passing upwards 
through these filters, the sewage is deprived of nearly all the 
solid matters in suspension, which settle upon the bottom at 
H. The clarified water overflows at F, and passes into iron 



V 



FILTERS — SETTLING TANKS — CHEMICAL TREATMENT. 2 1 ^ 

mains for distribution upon the land. The tanks are cleansed 
at short intervals of time by opening the penstock at D, when 
all the contents of one tank, or of both if desired, pass into a 
channel communicating with the middle level outfall, whence 
they are conveyed to the large settling tanks ; in this manner 
the filters are readily washed, and all the solid matters are 
flushed out. The system affords a good example of upward 
filtration, although it should be noted that the separation of 
the solids is the sole object sought to be attained; it is 
not suggested that the sewage is affected in any other way. 
These tanks serve for the treatment (by straining) of the 
sewage from about 4,000 persons, and have been in suc- 
cessful operation for about twelve years. 

The large settling tanks were originally two in number, 
each of a length of 150 feet, and a breadth of 50 feet^ the 
depth available for sewage being 6 feet. The tanks were 
constructed with fiat bottoms, which entailed much labour in 
cleansing them, and the outlets for the clarified sewage were 
situated near the bottom, thus admitting the escape of a 
portion of the solid matters. In order to remedy these defects, 
the author divided the tanks into six compartments, and 
provided each with one of Alsing's fioating arms, by means of 
which the water is now drawn from the top. The floating 
arms are similar in principle to the valves, illustrations of 
which are given in the chapter on " Settling Tanks." 

The chemicals used in treating the sewage are lime and 
Spence's " alumino-f erric " or alum cake, an analysis of which 
is subjoined : — 

Alumina (soluble), .... * 14*00 per cent. 

i Per-oxide of iron, .... '75 

Sulphuric acid, in combination with the above bases, 3.S'81 
Free acid, ..... nil. 

Water, ...... 51*44 
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Mr. Spence states that all very white alum cake contains a 
large proportion of free acid, and that the slight brownish tint 
is a good guarantee of the non-existence of free acid. 

As in use at Wimbledon, the alumino-ferric is in the form 
of blocks, about 30" x 20" x 3i" which are piled on edge 
in a large wooden vessel through which a current of water is 
made to pass; the saturated solution is drawn off at the 
bottom and mixed with the sewage in the desired proportion ; 
the solution (cold) stands at 66° Twaddell (=spec. gravity 1*33), 
and each gallon contains 7J lbs. of cake. The quantity used 
is about one-third of a ton per million gallons of sewage 
(about 5 J grains per gallon), and one gallon of the solutionis 
added to nine thousand gallons of sewage. 

The lime used is a very pure material produced by calcina- 
tion of the white, or upper, chalk. Half a ton of lime is 
ordinarily added to each million gallons of sewage = 7*84 
grains per gallon, but the quantity is increased or diminished 
according to the condition of the sewage. The lime to be 
used on the monrow is first weighed and then thoroughly 
slaked ; after standing the night over, it is conveyed into one 
of Bowes Scott & Read's lime-mixers, through which a stream 
of water is made to pass, and the milk-of-lime produced is 
then conveyed into the sewage pump-well, from which it is 
pumped with the sewage, and in passing through the pumps 
is most thoroughly mixed with the sewage; the middle-level 
sewer discharges into the pump-delivery chamber, and here 
the two sewages are well mixed together, and passing on to 
the settling tanks, receive on the way the dose of alumino* 
ferric. 

The lime-mixer is an exceedingly effective and simple 
machine, and may be made to produce very large quantities 
of milk-of-lime if supplied with sufficient water and lime ; 
the regulation of the quantity to be used is also an easy 
matter. 

A drawing of this machine is shown on Plate 6. 

In addition to lime and alumino-ferric, manganate of soda is 
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added to the sewage in very dry, hot weather, in order to 
prevent the setting up of secondary fermentation and the 
production of offensive odours, when the sewage is applied 
to the land. The manganate is dissolved in warm water, and 
is added to the clarified sewage as the latter leaves the settling 
tanks, the material being used in the proportion of about 
2 grains per gallon. Its effect upon the sewage is most bene- 
ficial, and as Mr. Dibdin, F.C.S., was the first exponent of the 
method, it is but just that the credit attending its introduction 
should devolve upon him. 

In addition to the chemicals mentioned above, nearly every 
known re-agent has been tried at Wimbledon, some in solution, 
others in suspension, and some in the form of filters, of every 
conceivable shape, but up to the present the system now in 
operation has been found to best meet all the exigencies of 
the case. 

The Disposal of the Sludge.— As mentioned in the Chapter 
upon " Sludge Disposal," the sludge was originally swept from 
the tanks into filter-beds composed of tpwn-asbes, well under- 
drained. The process was found to be most undesirable, as 
the gases produced by putrefaction were of an exceedingly 
offensive character, as was also the drainage from the filter- 
beds, and it became necessary to devise some other mode of 
disposal. 

At one time, acting upon the advice of the then Surveyor, 
the Board constructed a small tower with sludge-pumping 
machinery, and an attempt to deal with the sludge upon the 
Birmingham plan was made, but the circumstances were 
unfavourable to the method, the land upon which the sludge 
was pumped being of stiff clay, the area available being 
limited, and houses being near. 

Acting upon the advice of the author, the Board constructed 
works with filter-presses in 1884, and these have been in 
successful operation from that date. The plans and sections 
are given on Plate 27, the mode of working being as follows: — 

The sludge is swept from the settling tanks into the sludge- 
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reservoir, whence it gravitates, as desired, into the iron 
receivers ; here lime is thoroughly mixed with it, and air- 
pressure is applied at the surface of the sludge, which is then 
forced up the dip pipe and into the presses, where the separa* 
tion of the liquid from the solids is effected. 

Two of Johnson's presses are employed and one of Manlove, 
Alliott & Fryer's, the latter machine being of recent construc- 
tion and possessing certain improvements of detail. 

The subjoined notes may be of service where sludge-pressing 
machinery is contemplated : — 

One machine, with twenty-four plates, 36 inches in diameter, 
will be necessary for 12,000 persons if worked by day only ; 
the air-pressure need not exceed 60 lbs. per square inch, and 
it should be applied carefully and gradually on recharging 
each press ; care must be taken to use perfectly fresh lime for 
mixing with the sludge, and strong grey-chalk lime, finely 
ground, will yield by far the best results, the quantity required 
will be 1 cwt. for each ton of cake produced, if rapid work is 
to be accomplished, say the filling and clearing of a press in 
50 minutes ; cakes 2 inches in thickness are produced nearly 
in the same period of time as those of 1^ inches; flax canvas, 
costing about 5d. per lineal yard, when 40 inches in width, will 
be the best filtering material, the cloths may be made up by the 
men working the presses, care being taken to well wet the 
canvas before it is cut up into lengths, otherwise it will shrink 
and tear when first used in the presses ; the liquor filtered out 
will be a saturated solution of lime with other constituents, 
and generally may best be disposed of by being mixed with the 
crude sewage, the solids in which it will assist to precipitate, 
its ratio to the sewage-flow will be about 1 per cent, when 
the sewage amounts to 30 gallons per head ; the sludge should 
be pressed whilst in as fresh a condition as possible ; the pro- 
duction of sludge-cake with about 54 per cent, of moisture 
will be 2i tons per week per 1,000 persons, very nearly, and 
to 8 tons per million gallons ; its value as a manure, if applied 
as a top dressing as it comes from the presses, will be, weight 
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for weight, slightly in excess of stable manure ; the working 
expenses at Wimbledon now amount to 23. 5^d, per ton of 
cake, being thus made up : — 









Pence. 


Wages, 


. • • 


per ton, 


9-20 


Lime, . 


« . > 


i» 


14*20 


Coal, . 


• • . 


• • »» 


2-50 


Cloths, . 


... 


• • »* 


3 00 


Oil, and incidentals, . 


• • >i 


0-60 



Total, 



II 



29-50 



Two men are constantly employed at the work, but are cap- 
able of pressing more sludge ; thus the item for labour per ton 
constantly diminishes as the production of sludge increases. 

There is now a fair demand for pressed sludge, which is sold 
at Is. per ton at the works, but as vast quantities of stable 
and other manures are brought by market gardeners into the 
neighbourhood from the Metropolis, the demand will probably 
never be very great. During the past twelve months 953 tons 
were sold, out of a total production of 3,050 tons. Tlie 
remainder was used partly upon the sewage farm, and partly 
upon the arable land forming the reserve for the cemetery. 

The Sewage Farm.— When completed in 1877, the sewage 
farm consisted of 43 acres of land, with the two storm-water 
filters adjoining the settling tanks. As in the case of many 
other suburbs, there has been, at AVimbledon, a remarkable 
increase of population in recent years, and extensions of the 
sewage farm were soon found to be necessary. As oppor- 
tunities occurred the plots shown upon the plan (Plate 28), 
and numbered 27, 27, 28, 29, 29, 34, 35, and 43, were pur- 
chased, and in due course prepared for sewage disposal. The 
areas so added amounted, in the aggregate, to 26 acres. 

The land composing the original farm is of stiff London 
clay, whilst that formation is also present in the newly- 
acquired portions, to the extent of 9 acres, the remaining 
17 acres consisting, for the most part, of excellent alluvium, 
river drift, &c Upon reference to the plan, it will be 
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observed that the farm has a considerable slope to the 
north-east, and is bounded on that side by the river Wandle. 
A main road to London passes through the farm, and 
residences are situated within 50 yards of the irrigated land. 

The land as originally laid out proved to be unsuccessful 
in the attainment of the desired object. The land was under- 
drained, as suggested by many different authorities, the pipes 
being of glazed stoneware, 4 inches and 6 inches in diameter, 
laid at a depth of 6 feet, the 4-inch pipes were laid in contour 
lines, the width between the drains varying from 1 to 2 chains. 
The contour drains were crossed at right angles — nearly — by 
6-inch drains, laid at intervals of about 200 feei The 
'trenches were filled in with burnt clay, to within 2 feet of 
the surface. A sufficient amount of care was not bestowed 
upon the surface, which was left in an uneven condition, to 
the great detriment of both sewage and crops. 

Immediately below the trench in which the contour car- 
riers were laid, an earthenware carrier was constructed, the 
materials used consisting of a half -pipe with specially made 
stoneware sides (see sketch, p. 105). 

Tlie ground, upon being drained, cracked in all directions, 
but the cracking was intensified near the drains. 

Here, then, were three conditions unfavourable both to 
sewage farming and sewage treatment ; in the first place, the 
surface was badly prepared ; in the second place, the land was, 
one might almost say, ruthlessly under-drained; and, lastly, 
the stoneware carriers interfered very much with ordinary 
farming operations. Still more drains were added by an 
adviser of the Board, who had the subsequent charge of the 
farm, until the land was rendered as unfit for sewage disposal 
as possible. 

Upon the farm being placed under the superintendence of 
Mr. James Snook, the shallow drains were rooted up, the 
burnt ballast was removed from the drain-trenches, many of 
the drains were cut off, and the surface was most carefully 
graded. All the stoneware carriers were removed, and, 
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generally, the farm was much improved, the effects of the 
mistakes of the past being too palpable to admit of more 
being made. At that period the effluent from the farm passed 
into the Wandle at the Wimbledon old outlet, shown upon 
the plan. 

The plans for laying out the more recently acquired portions 
of the farm were prepared by the author in concert with 
Mr. Snook, and the work was carried out under the superin- 
tendence of Mr. Snook. The surface was most carefully 
graded, and the only drains laid were those under the centre 
of each road, these roads being 12 feet in width. In order 
to render the surface more amenable to the implements used 
in cultivation, and also more porous, to the advantage of the 
sewage, the ashes collected from the dust-bins during the 
summer are taken to the farm, where they are placed in a 
large heap, then screened, the rubbish is burnt, and during 
the winter months the screened ashes are spread upon the 
surface of land to be cropped in the spring. The ashes are 
spread to a depth of about 4 inches, and are then ploughed 
in, a second dressing being applied to the broken surface. 
The cost of disposal of ashes in this manner is about 9d. per 
cubic yard. 

Three filters, composed of burnt clay, have been constructed 
for the purpose of receiving the flood-water during periods of 
heavy rainfall. Each of the settling tanks is provided with 
an overflow, by means of which the excess due to sudden 
storms of rain escapes and is discharged upon the filter-beds. 
The low-level outfall is also provided with an overflow, which 
discharges into the middle filter. These storm-water filters 
are used probably, on an average, ten times per year.. 

Carriers. — In consequence of the irregularities of the sur- 
face of the farm, the main carriers are of cast-iron pipes, the 
sewage being allowed to escape by means of sluice valves 
where desired. The remainder of the permanent carriers are 
of concrete, and of stoneware half pipes with specially made 
stoneware sides. The distributing channels, or *' grips," are 
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cut with the plough, and are then finished by spade labour ; 
as a general rule their direction is in that of the greatest fall. 
The grips are cut at distances apart of half-a-chain, in order 
that the grass-cutter may readily know the area of the piece 
he is supplying, the rye-grass being always sold by the rod 
(30^ square yards). 

The stoppers used in the grips are of J-inch sheet-iron, with 
a piece of angle iron rivetted to the top edge, which stiffens 
them and admits of their being fixed firmly in the ground by 
the boot of the water-man. The positions of these stoppers 
are frequently changed, so that the sewage is changed about 
from place to place on the plot under irrigation. 

Distribution. — All the effluent sewage from the fields on the 
west of the Durnsford Road, is intercepted at the point marked 
A on the plan (Plate 28), and is conveyed by means of a 
stoneware culvert to the point B, when it is again applied to 
the surface of one or other of the plots numbered 43, 35, and 
34 The drainage from the fields numbered 46, 48, and 50 is 
discharged into the contour cancer at the point C, from which 
it may be disposed of upon any of the plots on the north-east 
of the carrier, thus all the drainage from the older portion of 
the fann is made to pass over or through the newer portion ; 
a great deal of the sewage passes through the soil and into the 
drains of the newer portion, but the portion not so passing 
through is admitted into the effluent drains at convenient 
points. It would be difficult to say with certainty whether all 
the sewage actually passes through soil or not, but in conse- 
quence of the attention paid to the surface and of deep cultiva- 
tion, it is certain that lateral filtration takes place to a very 
larore extent, and as a matter of fact sewafje-funcrus is never 
seen in those channels of the newer portions of the farm, 
which " pick up '' the effluent from the surface after its second 
application. The fact that these channels show no signs of 
pollution at any period of the year, but contain quantities of 
green confervas, are practical indications of the success of the 
process of sewage purification. In the carriers at the head 
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of these plots, the green eonfervie may sometimes be seen 
striving for the mastery with the sewage-fangus, but the latter 
always holds its own until the sewage is applied to the land 
for the second time. Except in flood time, when part escapes 
into the Wandle at the old outlet, all the effluent water 
from the farm is discharged into a back-water of the 
river Wandle, near the site of the old Garratt Paper 
Mills. Experiments by the author during hot weather, 
showed that upwards of half of the sewage was lost by evapora- 
tion, absorption, &;c. The question of evaporation has been 
investigated by the Committee of the British Association, 
Bretons farm, near Romford, being selected for the experiment. 
Professor Corfield • states that the average daily quantity of 
sewage pumped amounted to 1182 tons (average of 399 days) 
whilst the effluent water discharged amounted to 513^ tons, or 
473 per cent. only. These facts should be borne in mind by 
chemists, when comparing effluents from sewage farms with 
those from chemical-treatment works, since the total amount 
of impurity entering a river per day, rather than the amount 
contained per gallon of effluent, should be considered when 
effluents are compared. 
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Although analyses of sewage and of effluent water, taken at 
hap-hazard, at uncertain intervals of time, cannot be of much 
practical value, the preceding analyses by Dr. Percy Frank- 
land may be of interest. 

The samples were taken after a week of dry weather, but 
as the subsoil under the town was charged with water in 
consequence of the exceptionally wet July, and heavy fall 
of rain on the first day of August, the sewage was, at that 
time, about one-third more in volume than the water-supply. 

Crops. — In consequence of the large volumes of sewage 
applied per acre per annum — in 1888, the quantity was 
5 million gallons — Italian rye-grass, mangolds, and osiers are 
the three main crops grown. The weight of the sewage 
applied to each acre in 1888 was 22,300 tons, whilst the 
rainfall — 26 inches — made the total amount of liquid received 
by each acre equal to 24,900 tons, or to a depth in inches 
of 249. 

Italian rye-grass (Lolium italicum) is one of the most 
important ciops grown upon this, as upon the majority of 
sewage farms. As its name indicates, the plant was origin- 
ally found in Italy; it was introduced into this country in 
1831, by the late Mr. Charles Lawson. The following 
botanical description and anal3''sis of the plant are by Mr. 
M. J. Sutton : — 

"Annual or biennial. Root fibrous. Stems 2 to 4 feet, 
erect, stout, smooth. Leaves long, broad, glabrous, and suc- 
culent; sheaths slightly rough; ligule short and obtuse. 
Spikelets many-flowered, sessile, distichous on a long rachis. 
Upper empty glume only present in the terminal spikelet; 
lower empty glume persistent, lanceolate, obtuse, scarcely 
reaching to middle of spikelet. Flowering glumes lanceolate. 
Awn as large as glume. Palea ciliate at base. Flowers, June, 
and July. Not known in a wild state. 
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On heavy clay lands, the ground to be sown with rye-grass 
seed should be deeply ploughed in the autumn, and allowed 
to remain in the rough state through the winter, in order 
that the disintegrating action of frost may be availed of. 
Frequent doses of sewage may be applied during this period. 
In March, if practicable, the land should be brought to a 
fine till, and carefully selected seed should be sown, the 
quantity per acre being not less than 4i bushels. The grass 
grows very I'apidlj'', and in favourable weather the first 
cutting may be made about eight weeks after being sown. 
The immediately succeeding cuttings will be the heaviest, 
the plant deteriorating after five or six crops have been 
removed. Care must be taken not to allow the plant to 
flower, as it is not a perennial, and a loss of at least 50 per 
cent, in weight will follow the flowering stage. With a 
carefully levelled surface and sufficient applications of sewage, 
at least eleven cuttings, weighing in the aggregate, and in 
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the green state, about 100 tons, may be obtained in the two 
seasons following the planting of the seed. Deep ploughing, 
and, if necessary, subsoiling, should then be resorted to and 
the operations commenced de novo. With good and careful 
cultivation, the same ground may be used for rye-grass 
several years in succession. 

The plan adopted for disposing of the produce of the 
Wimbledon Sewage Farm is to cut the grass and sell it at so 
much per square rod, the price varying with the state of the 
crop, and the demand. The bulk of the crop is sold to cow- 
keepers, who keep animals in large numbers in the south- 
west of the Metropolis. Small quantities of hay are made, 
but the farm is too small compared with the volume of 
sewage applied, to admit of hay-making operations being 
conducted on a large scale. 

The average price obtained for the rye-grass amounts to 
about £20 per acre per annum. 

Mangolds. — This root does well on the sewage farm. The 
land is treated as for rye-grass, and by means of the plough 
roughly ridged. Sewage is applied during the winter, and 
the ridges are twice split. The seed is planted as early &s 
the weather will admit, the land being ridged in the direction 
of its greatest fall. Care is taken to apply the sewage in 
small quantities whilst the plant is young, as the cooling of 
the wet ground, consequent upon the application of large 
volumes, would be detrimental. When the nights become 
warm and the plants are vigorous, large quantities of 
sewage may be applied. The average weight of the crop 
is, at Wimbledon, about 40 tons to the acre. Many of the 
rye-grass customers are also purchasers of mangolds. The 
prices obtained vary with the seasons, but average about 
18 shillings per ton. Cabbages are grown in small quantities 
only, the farm being too cold and heavy to admit of profitable 
early crops of vegetables being produced. 

The willow, or osier, may with very great advantage be 
introduced upon sewage farms. Large quantities, for basket 
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making and for other puposes are yearly imported from 
Holland and from the north of France, although there is no 
apparent reason why this country should not at least grow its 
own osiera. The plant likes moisture, and will grow upon 
any kind of land except, perhaps, peat bog. It is among the 
first in the list of economic plants. '' The bark and leaves of 
the willow are astringent, and the bark of most sorts of 
willow may be used for tanning, and it is a fact worth 
noticing, that the tanners of Norway and Eussia use willow* 
in preference to oak-bark, and much of the excellence of 
Eussian leather is said to be due to the use of willow-bark* 
M. Lennox, a Frenchman, discovered a substance he named 
'Salicine,' in willows. It is in the form of greyish crystals, 
and extremely bitter. M. Magendie says he has known three 
doses of six grains stop a fever ; and Prof. Burnet says it is 
equally as efficient as Peruvian bark in cases of fever, and 
speaks of the wise provision of Providence in placing the 
remedy for agues and other low fevera in moist situations 
where those diseases are most prevalent. It is not quite 
certain which variety of willow produces salicine in the 
greatest abundance, but it is most likely the salix purpurea, 
and its varieties, as being the bitterest willows, and it is 
a noteworthy fact that all the varieties of the bitter willow 
will grow in the wettest soils " {Scaling), 

The kinds found most suitable at Wimbledon are the '*' New 
Kind,*' and the " Golden Willow." The first named is a dark 
skinned osier, very suitable for the basket-maker. The setts 
are very carefully selected from willows grown upon the farm, 
they are cut in lengths of about 16 inches and planted 1 foot 
apart in one direction and 1^ foot in the other, although, if 
light rods are in demand, the cuttings may be planted closer 
together, when the crop will be of a lighter, finer quality. 
The cuttings should be planted with their ends nearly level 
with the ground, in order to ensure straight shoots being 
obtained. The Continental method of planting the tops of 
the cuttings level with the ground, is not advisable on sewage 
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farms, because of the rank growths of weeds which prevail. 
The ground should be thoroughly cleansed in the spring before 
the new shoots appear, and any depressions visible should be 
filled in with soil, in order to prevent stagnation of the 
sewage. 

Osier-plantations come into full bearing in the third year, 
although a fair crop of rods is obtained the first year. The 
plant is said to attain its maximum usefulness at the tenth 
year, from which period it slowly declines* The crop is 
gathered soon after the fall of the leaves, by cutting as close 
to the parent stem as possibla The annual yield per acre 
averages 6 to 7 tons in weight. For the London market, 
the osiers are bundled into the trade "bolt," having a girth 
around the part near the base of 16 inches. The price obtained 
at Wimbledon is about £12 per acre for the un peeled rods. 
Best white peeled rods are much more valuable, but must be 
properly manipulated in order to obtain a good return. The 
rods to be prepared for the market in this condition are, after 
being cut and bundled, set upright in shallow tanks containing 
water; in the spring, shoots will appear, and at the proper 
time the bundles are removed from the water and may be 
readily peeled. 

The golden willow is of much smaller and finer growth 
than the osier, and a ready market for the small twigs and 
rods will be found with market-gardeners, who use large 
quantities for the purpose of tying up vegetables. When this 
willow is boiled, with the bark on, the wood takes a pretty 
dye, and is very suitable for the fancy-basket maker. The 
bark is intensely bitter. The weight yielded per acre is not 
so great as in the case of the osier. 

Cost. — The costs of the sewage farm and works have been 
as follows : — 

Pumping station, machinery, tanks, buildings, &c., . £20,866 
Seventy-three acres of land, .... 24,432 
Draining, levelling, and preparing land, . . 8,141 

£53,439 
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The items in the first line would be common to any scheme 
at Wimbledon, and as the money paid for the purchase and 
laying out of the land could be bonowed upon the security 
of the rates at 3| per cent, rate of interest for an indefinite 
period of time, we may take that as a basis in estimating 
the annual cost of the farm ; — 

3J per cent on £32,573 . . . . = £1,222 

Average annual working expenses during past three 

years, inclusive of every exjjense, . • 901 



£2,123 
Average annual receipts during last three years, = 1,307 



Cost of farm to ratepayers per annum, • • . £816 



This sum is equal to a i-ate of one and one-sixth of a penny 
in the pound, and it may fairly be said to represent the actual 
cost of the sewage farm. As a matter of fact, the land is 
being purchased year by year by the operation of a sinking- 
fund. 

The annual repayment of capital and interest on the 

cost of land and works, £53,439, is . . £2,869 

Pumping and maintenance of machinery, . . 520 

Precipitation of sewage and sludge-pressing, including 

insurance, rates, taxes, chemicals, and every expense, 923 



£4,312 
Cr, By profit on farm on sales, .... 406 



Cost to ratepayers . . . = £3,906 



This is equal to a rate of C'4d. in the pound, taking the 
basis of assessment as for general district rate purposes, or 
5'ld. in the pound on the poor-rate assessment. 

About seventy-five persons live upon the sewage farm, but 
up to the present their health has been good, and there have 
been no outbreaks of zymotic disease. 

The Effluent flows into the river Wandle, which joins the 
Thames at a point about 3 miles below the farm. The 
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relative volumes of river-water and effluent are, in dry 
weather, in the mtio of 25 to 1. 



CHAPTER XXVII. 



BIRMINGHAM. 



The works at Birmingham are chiefly remarkable for their 
magnitude, and for the extreme simplicity of detail. 

The liming shed is a large square building divided into 
three sections on the'^ground floor, and having a second floor 
over the central section. The engines, of the portable type, 
are placed in one section; in another are a pair of pumps 
which raise sewage to the floor above for the lime-mixers, 
which consist of a pair of large edge-runner mortar-mills 
with specially constructed high sides. The lime-shed or third 
section, is a large room into the ends of which the lime is 
deposited and slaked, each end of the building being cleared 
on alternate days. The slaked lime is fed into an elevator, 
consisting of an endless chain and buckets, by which means it 
is conveyed to the mortar-mills and converted into milk of 
lime. 

Long troughs, supported upon trestles, convey the milk of 
lime to the outfall sewers, in which it is well mixed with the 
sewage as the latter flows towards the settling tanks. 

The arrangements for dealing with the sludge are 

simple, almost to crudeness. After being elevated to a 
sufficient height to command the most distant part of the 
farm used for sludge disposal, the sludge is conveyed to the 
site where it is intended to trench it in, by means of a long 
wooden trough made up in sections 22 feet in length, and 
supported upon scafibld poles. Each section of the trough is 
formed of two boards 1^ inches in thickness and 11 inches in 
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width, bolted together for the bottom, then one board of like 
dimensions is spiked on each side ; small pieces of board are 
then nailed on the outside of the trough at one end, and each 
section looks like half of a rectangular socketted pipe. The 
sections are readily taken down when it is desired to convey 
the sludge to a fresh field, being merely dropped into their 
places on the supports, the joint being made by the sludge 
itself. 

The accumulation of sludge on the land is not large, the 
work of trenching in being carried on continuously, as the 
sludge becomes partly solidified. 

Although some improvements might be made as regards the 
means of conveying the sludge to the land, on the occasion 
of the author's visit to the works the operations were 
remarkably free from ofiensive odours, having regard to their 
magnitude. 

Works. — The history of the works as given by Mr. Till, 
M. Inst. C.E., is full of instructive matter : — 

" In giving an account of the formation and work of the 
Drainage Board, the works of sewage purification previously 
undertaken by the Corporation of Birmingham form so 
important a part that any general description of the Drainage 
Board would be incomplete without some reference thereto; 
but, inasmuch as the efibrts of the Birmingham Corporation to 
deal with the sewage difficulty have been so prominently 
before the various bodies interested in sanitary work, both 
from the proceedings in Parliament and from several published 
statements, it has not been thought necessary to make further 
allusion thereto than may be required for giving a complete 
history of the position and work of the Board. 

" It may perhaps be desirable to glance briefly in the first 
instance, at the sanitary condition of the district generally, 
prior to the formation of the Board, with a view of setting 
forth more clearly the advantages the various Authorities 
now comprising the Board were intended to derive from their 
union. 
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" The Borough of Birmingham, together with the towns of 
Walsall, West Bromwieh, Wednesbury, Darlaston, Tipton, part 
of Wolverhampton, and a number of other urban or rural 
sanitary districts, forming the major part of what is known 
as the ' Black Country,' is situated near the summit of one 
of the great watersheds of England, that of the Trent, being 
drained by the river Tame, which, with its various feeders, 
forms a small stream discharging into the Trent, about mid- 
way between Tamworth and Burton. Whatever may have 
been the benefits derived by the large population of the Black 
Country from being situated high up in the watershed, one 
great disadvantage, that of sewage pollution, soon became 
apparent, owing to the naturally diminutive character of the 
watercourses and the large amount of liquid refuse poured 
into them. The Corporation of Birmingham, as the principal 
Local Authority, was early made aware of the responsibility 
thus incurred, and was earnestly combating the sewage diffi- 
culty at a time when the Authorities of many towns considered 
it, if not exactly the right thing to do, at any rate only a venial 
offence, to discharge their sewage into the rivers or streams 
that flowed in their vicinity. 

"At the time the formation of the Drainage Board was 
suggested, none of the Authorities of the towns or districts 
draining into the Tame had made, so far as the author is 
aware, any really systematic attempt at sewage purification, 
except those of Birmingham and Wolverhampton. 

" The Corporation of Birmingham constructed, as far back 
as 1853, main intercepting sewers (marked A and on 
the diagram submitted herewith) whereby the sewage from 
those portions of the Borough draining to the river Rea, and 
Hockley brook, was conveyed to the general outlet at Saltle}", 
where subsequently a system of tank purification had been 
adopted, and which was developed from time to time until, at 
the period when the Drainage Board was formed, the Corpora- 
tion possessed land and works thoroughly capable of purifying, 
so far as precipitation by lime could purify, the sewage of the 
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Borough. Tlie Manor of Aston Local Board bad caused plans 
to be prepared in 1874, for the intercepting sewers marked 
C and D on plan, for diverting the sewage of its district 
from the river Tame and the Hockley brook, and by agree- 
ment the Handsworth Local Board, whose district is situated 
on the same watersheds, but higher up, became joint owners 
of such sewere. These sewers were constructed in 1870, and 
although the sewage was thus diverted in detail, it was only 
to cast it into the Tame again in one united volume, pending 
the decision of these Boards as to the method of sewage treat- 
ment to be adopted, a problem that threatened to be very 
diflScult of solution had not the Drainage Board been formed 
about that time, and so relieved those Authorities of farther 
trouble. The Authorities of the District of Balsall Heath, 
a small, but somewhat thickly inhabited area draining to 
the rivers Lea and Cole, immediately above the Borough of 
Birmingham, had established some precipitating works of an 
elementary character at the outlet in the river Cole area, 
but owing to the great increase of population all around, 
the use of these works had become objectionable, and as the 
only outlets for this district lay through the Borough of 
Birmingham, it became necessary, if great expense were to 
be avoided, that some arrangement should be made for the 
Corporation to provide the requisite outlets. The district 
of Harborne, likewise situated in the watershed of the Bea, 
above the Borough of Birmingham, had also established a 
system of tank purification, but open to similar objections 
to those above named in Balsall Heath, this district also 
suffering from precisely the same difficulties as to outlet. 
These, then, were the only districts in the neighbourhood of 
Birmingham, of which the Authorities had made any efforts 
to deal with their sewage; whilst on the other hand there 
were several districts urgently in need of sanitary reform, 
that had been unable, owing to their positions in relation to 
other districts, to take independently the necessary step, except 
at a prohibitive cost. 
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" BirmiDgham and its Sewage Farm, holding by virtue of 
its position, the key of the situation, and the Corporation 
anticipating that great expense and inconvenience must 
ultimately arise if some united action were not taken, it 
was decided to apply to the Local Government Board, under 
the Public Health Act, 1875, for an order to form the follow- 
ing urban and rural sanitary districts, or portions of them, 
into a united district for the purposes of sewage disposal — 
viz., the Borough of Birmingham, the Local Government 
Districts of Aston Manor, Handswortb, Smethwick, Balsall 
Heath, Harborne, and Saltley ; the contributory places of 
Aston, King's Norton and Northfield, and Perry Barr; and 
portions of the Districts of the West Bromwich Improvement 
Commissioners, and of the Solihull Rural Sanitary Authority ; 
the principal of selection adopted being to choose only those 
districts lying round Birmingham, which were restricted in 
their outlets, or which had no reasonable fieu^ilities for establish- 
ing purification works of their own. 

" An inquiry, lasting several days, was held by J. T. Harrison, 
Esq., the Local Government Inspector, at the Public Offices, 
Birmingham, in which the West Bromwich Commissioners 
proved to the Inspector's satisfaction that they were in a 
position to establish their own purification works ; and the 
Bural Sanitary Authority of Solihull, having also recently 
prepared a scheme, was likewise omitted by the Inspector. 

" All the other districts were formed into a United District 
under the title of the Birmingham Tame and Rea Main 
Sewerage District, the Provisional Order coming into operation 
on the 29th September, 1877. 

"The Joint Board consisted at first of twenty elective mem- 
bers, chosen from the members of the various Constituent 
Authorities, of which the Borough of Birmingham sent eleven 
and the others one each, and two ex-officio members — viz., the 
Mayor of Birraingiiam and the Chairman of the Aston Manor 
Local Board. The District was enlarged in 1881, by the 
addition of the Parish of Sutton Coldfield, but no alteration 
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was made in the constitution of the Board until Sutton 
Coldfield was incorporated early in the present year, when 
the number of members was increased to twenty-four, Sutton 
Coldfield sending one member and the representation of the 
Borough being increased to the same extent. 

" The duties of the Board are the acquiring of such lands, 
and the construction and maintenance of such outfall works as 
may be necessary for the purification of the sewage of the 
various Constituent Authorities, so that it may be discharged 
into any streams or watercourses without breach of the Rivers' 
Pollution Act, 1876. It is incumbent on each of the Consti- 
tuent Authorities, either to construct such intercepting sewers 
as may be required for conveying the sewage of its district 
to the outfall works, or otherwise to arrange terms with one 
or other of tfhe Constituent Authorities for the user of such 
sewers as may be necessary for that purpose. The Joint 
Board exercises supervision over the size, character, and 
direction of new intercepting sewers, so that they may be laid 
down with general reference to the requirements of the United 
District at large, and in the case of its being desirable that 
one Constituent Authority should use the existing intercepting 
sewers of another Constituent Authority, it devolves on the 
Joint Board to say whether such sewer can and ought to be 
so used to the extent of, but not exceeding, 40 gallons per 
head per day of the population of the district. 

" The costs of the Joint Board are divided into the costs of 
management, and the costs of outfall works (outfall works 
being the land, tanks, and works for purifying the sewage). 

"All the Constituent Authorities, with the exception of 
Perry Barr, are liable to the costs of management, but no 
Constituent Authority is liable to the expenses of outfall 
works until some portion of such Authority's district has been 
placed in connection with any of the said outfall works. 

" The various districts contribute to the expenses of the 
Board in proportion to the number of rated tenements in each 
district or contributory place, such number being ascertained 
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from the poor rate made last before the times for issuing the 
Board's precepts. 

" The total area of the Drainage District is 47,275 acres ; 
the population in 1885 was estimated at 619^693, and the 
ratable value £2,401.093. 

"Appendix A gives a detailed statement of the area, 
population, and ratable value. 

"In accordance with the Provisional Order, the Drainage 
Board purchased, as going concerns, all existing lands and 
works for treatment of sewage owned by the various Consti- 
tuent Authorities, such being Birmingham, Aston Manor, 
Harborne, and Balsall Heath. Of these, the works at 
Harborne and Balsall Heath were abandoned as soon as 
arrangements for outlets had been carried into effect, and the 
sites of such works were ultimately sold. From the Borough 
of Birmingham, the Board acquired about 159 acres of free- 
hold, and 103i acres of leasehold land, together with the 
extensive system of tanks, machinery, plant, farm implements, 
and stock, situated at the general outlet at Saltley, point E on 
plan ; and from Aston Manor about 6 acres of land, also situated 
at Saltley, and surrounded by the Corporation Farm. 

" As the outlet at Saltley is the natural point of discharge 
for fully nine-tenths of the total population of the Drainage 
District, one of the first cares of the Drainage Board after its 
formation was to assist the various Constituent Authorities in 
their endeavoui's to put themselves in communication with the 
outfall works purchased from the Birmingham Corporation. 
Accordingly arrangements were speedily made for the Corpora- 
tion to receive into their main sewers A and B, the sewage 
from the districts of Harborne and Balsall Heath on payment 
of an annual sum for user ; the Manor of Aston Local Board 
entered into a contract for the construction of the sewer 
marked F for conveying its sewage from the temporary outlet 
into the Tame to the Board's tanks, the Aston Rural Sanitary 
Authoritj^ becoming joint owner with Aston Manor and 
Handsworth, and thereby procuring an outlet for the Erding- 
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ton and Witton portions of its districts; the Handsworth 
Local Board extended one of the Aston and Handsworth joint 
sewers marked D so as to accommodate, by the sewer 
marked G, the northern portion of its district, and has since, 
in conjunction with Smethwick, extended the other joint 
sewer marked C, thereby completing for the present the inter- 
cepting sewers of its own district, and providing for Smeth wick 
an outlet for the larger portion of that district The Saltley 
Local Board constructed the intercepting sewers marked 
H and I, and the Rural Sanitary Authority of King's Norton, 
after arranging with the Corporation of Birmingham for an 
outlet through their main sewer marked B, constructed the 
intercepting sewers marked J and K for the drainage of por- 
tions of its district. For those portions of the Drainage 
District that could not conveniently be brought down to the 
common outlet at Saltley, the Corporation of Birmingham 
constructed the sewer marked L for accommodating the area 
draining to the Cole comprised in the districts of Birmingham, 
Balsall Heath, King's Norton, and Aston Rural, this sewer 
being tunnelled across the ridge dividing the watersheds of the 
Tame and Cole, and discharging on to the new farm ; the 
extension of this sewer by the Balsall Heath and King's 
Norton Authorities being marked M and N on plan. The 
Aston Rural Sanitary Authority constructed the sewer 
marked O for the drainage of Sutton Coldfield, this sewer also 
discharoring on to the new farm. 

" As the result of the intercepting works just described, the 
whole of the populated areas of the Drainage District, with 
one exception, are now placed in communication with the out- 
fall works. The one exception is the district of Smethwick,. 
which, being situated at the summit of the watershed, has had 
to await the development of the intercepting system, but it is- 
believed that arrangements are contemplated whereby this^ 
difficulty will shortly be removed. 

" In the meantime, pending the completion of these intercept- 
ing arrangements, the Drainage Board had been proceeding 
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with the very important duty of extending its outfall works, 
80 as to meet efficiently the additional strain that would in 
due course be brought upon them. It had been generally 
understood at the time the Board was formed, that an ex- 
tension of the outfall works would be necessarj'-, and after 
due consideration it was decided that the application of the 
sewage to land, after treatment by lime in the tanks, would 
be the most satisfactory method of purification. The Board 
accordingly directed its attention to the acquisition of the 
required area of land. An opportunity that presented itself 
in 1880 of obtaining the unexpired term of 102 years of a 
lease of 96 acres of suitable land at Tyburn, about 2^ 
miles below the existing tanks, was embraced, and shortly 
after, a lease for 99 years of 123 acres of adjoining land was 
obtained, while 250 acres of freehold from the Right Hon. the 
Earl of Bradford, 350 acres from the Trustees of W. W. 
Bagot, Esq., and 118 acres from various other owners were 
acquired by mutual arrangement, and more recently a further 
plot of 18^ acres has been leased from the Right Hon. Lord 
Norton for 21 years, thus making a total of 955^ acres of 
additional land, or, including the land already occupied by the 
Board at Saltley, a total area of 1227, acres available for works 
of sewage disposal. The rent of the le&sehold land is at the 
rate of £4 per acre, and the average cost of the freehold, 
including timber, buildings, mill rights, tenants' compensation, 
law charges, fcc, £152 per acre. 

"The nature of the land is very favourable for the purification 
of sewage, the natural surface of the ground being as a rule 
oven and unbroken, and the level such as to admit of the irriga- 
tion of the whole by gravitation, with the exception of about 
100 acres. The subsoil is of gravel and sand, varying from 
"6 feet to 10 feet in thickness. To reduce risk of flooding from 
the river, the Board removed the mills and weir, and 
:straightened the river at Minworth, at the lower end of the 
farm lands, thereby lowering the water level of the river 
fieveral feet ; and by the construction of outfall cuts, carried 
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to suitable outlets into the river, the subsoil drains are placed 
beyond the influence of backwater, the result being that no 
inconvenience is experienced from the proximity of the river, 
except during unusual floods. For conveying the sewage to 
the land a conduit, 8 feet in diameter and about 2f miles 
long, has been constructed, capable of discharging 38 
million gallons per day when running half full, or double 
that quantity when running full, the fall being 2 feet per mile. 
This conduit commences at the outlet end of the large tanks 
at Saltley, and terminates at Tyburn, valves being placed at 
suitable intervals for discharging the sewage on to the land 
passed through. Below Tyburn the capacity of the conduit 
has been reduced, a conduit 3 feet 6 inches in diameter being 
suflicient for the remainder of the farm. The sewage is drawn 
from these conduits into open brick carriers, which again 
discharge into secondary carriers of earth, and thence into the 
flooding carriers. The brick carriers are constructed with a 
slight fall, ramps being provided in the inverts at suitable 
intervals for drawing down the water. The land is drained to 
a minimum depth of 4 feet 6 inches, but in many cases, owing 
to the level nature of some of the land, a greater depth has 
been found necessary at the lower ends of the drains. The 
subsoil drainage consists of 3-inch and 4-inch tigricultural drain 
pipes placed from half to three-quarters of a chain apart, and 
discharging into main drains of 9-inch, 12-inch, 15-inch, and 
18-inch stoneware socket pipes, which in turn discharge into 
the outfall channels. Roads generally 12 feet wide, with 
passing places at intervals, have been laid out with the view 
of meeting the requirements of the steam-cultivating opera- 
tions, as well as for the conveyance of produce. In addition to 
the farm buildings at Saltley purchased from the Corporation, 
farm buildings in a central position at Tyburn have been 
erected, together with entrance lodge, manager's house, and six 
labourers' cottages; also smaller buildings at Minworth, and 
four labourers' cottages. The various farm-houses and build- 
ings originally existing have also been repaired and extended. 
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" Cost. — The total cost of the land and works to the present 
has been £403,695, of which the purchase of original land 
and works is £170,544 ; new land, £110,800 ; new works, 
£113,299; farming stock and implements for new land, £9,052. 
The details of cost are given in Appendix B. 

'^The method of treating the sewage as now carried on is 
as follows : — 

" The sewage on arriving near the liming sheds at the upper 
end of the works is mixed with lime, both to neutralise the 
acids (present to an unusual extent in Birmingham sewage) 
and also to assist precipitation, which, however, is not now 
necessary to so great an extent as formerly ; the sewage then 
passes through the large or roughing tanks, where the grosser 
impurities are precipitated, and from thence it is conveyed by 
the main conduit to the land, and disposed of by ordinary 
irrigation. The sixteen small tanks required at one time for 
completing the precipitation process are still used under certain 
circumstances, and are a valuable auxiliary when rainfall has 
increased the normal quantity of sewage. The sludge from the 
tanks is elevated by bucket-dredgers and pumps into movable 
wooden carriers, and flows into beds formed in the land at the 
Saltley or western end of the farm. The sludge contains about 
90 per cent, of water as it comes from the tanks, but aflber 
lying on the ground for about fourteen days^ much of this 
water drains away or is evaporated, leaving the sludge in a 
layer about 10 inches thick and of a consistency that admits 
of its being trenched into the land. Crops are then planted, 
and after a time the sludge becomes pulverised and the land 
with which it has been incorporated is capable of being 
irrigated. About 50 acres of land were required for the 
sludge last year, and the same land may receive a dressing of 
sludge every two to three years. 

"A few words may be said as to the difficulty at one time 
experienced in dealing with the mud from the tanks. After 
the construction of the first two large tanks in 1859, the mud 
therein deposited was dredged out and run on to the adjacent 
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land, where it accumulated for some years, forming at one 
time a large mass of foul matter about 7 acres in area, and 
over 4 feet deep. In consequence of the nuisance arising 
therefrom, proceedings were taken about 1871 by the residents 
in the vicinity, and an injunction was obtained restraining the 
Corporation from depositing the mud so as to cause a nuisance. 
Great eflforts were made by the Corporation to reduce the 
amount of mud, large quantities being conveyed away in 
boats, but it was not until the experiment had been tried of 
trenching the mud into the land and found perfectly satis- 
factory that the present system was adopted, about the end of 
1872, and the difficulty finally overcome. 

" Practically, the whole of the sewage of the drainage district, 
amounting to 16,000,000 gallons per day, flows by gravitation 
to the outfall works. Only a very small area requires its 
sewage lifted by pumping, the cost of such pumping being 
£104 per annum. 

" The Board farms the whole of the land, no portion of it 
being sublet. 

" Produce. — Of the produce, milk is a large and increasing 
item, 128,995 gallons, realising £4,406, being sold last year. 
During the present year, about 280 acres of land are devoted 
to mangolds, swedes, and kohl rabi; 250 acres to market 
garden produce; 100 acres to Italian rye-grass; 130 acres to 
cereals ; and about 340 acres are pasture. 

** The total amount realised last year from the sale of stock 
and produce was £20,008. During the same time stock was 
purchased to the extent of £7,760. 

" Cost. — ^With regard to the financial aspect of the Board's 
work, it is perhaps needless to say that a considerable sum of 
money has annually to be obtained from the rates. The total 
amount raised by the Board's precept last year was £33,089, 
of which interest and repayment of loans absorbed £17,516 ; 
management expenses, rent, rates, taxes, &c., £5,594, the 
balance of £9,979 representing the loss on the year's working 
of the farm. 



244 BIRMINGHAM. 

'^ Appendix C is a detailed statement of the actual income 
and expenditure of the farm and works during 1885. The 
great loss, as will be seen from the statement, is in the work 
at the outlet (which comprises the lime, wages, machinery 
expenses, and other charges connected with intercepting and 
dealing with the mud from the tanks). The amount expended 
under this head (exclusive of rent) was £10,715, for which 
sum 4,778 tons of lime were provided for precipitation, and 
135,476 cubic yards of mud were arrested in the tanks, and 
dug into the land; the corresponding income is practically nil." 
At the date of the author's visit (August, 1889) a gang of 
twenty-four men were constantly employed in dealing with 
the sludge. Since the opening-out of the irrigation land the 
expenses at the outlet have undergone some reduction, and 
there is every prospect not only of a further reduction in the 
future, but also of a gradual increase in the receipts from the 
irrigation land, as the demand for the farm produce is 
developed; but bearing in mind the large initial outlay in 
purchase of land and the construction of works, and the 
annual working expenses in disposing of so large a volume of 
sewage, it is not to be expected that assistance from the rates 
can be dispensed with until in the somewhat distant future 
the large annual sum now required for interest and repayment 
of loans shall cease. It should, however, be remembered in 
dealing with sewage farm accounts that after all the great 
item on the credit side of the balance sheet (although it is one 
that cannot be represented by a money value) is the satis- 
factory disposal of the sewage. 

" In conclusion, it is only fair to observe with reference to 
remarks made in the first part of this paper as to the sanitary 
condition of the Tame Valley, that since the date then referred 
to, considerable progress has been made in sewage purification, 
Walsall, West Bromwich, Wednesbury, Darlaston, and other 
towns and places having taken up the question in a practical 
and energetic manner." — 1886. 
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APPENDIX A. 



Name of District. 

Borough of Birmingham, 

Smethwicky Local Government District of, 

Harborne, ,, 

Balsall Heath, „ 

Saltley, „ 

Aston Manor, 

Handsworth, 

Aston Union, Contributory Place of Aston, 

King's Norton Union, Contribatory Places 

of King's Norton and Northfield, 
West Bromwich Union, Contributory Place 

of Perry Barr, 
Borough of Sutton Coldfield, 
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>« 



n 
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»> 
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»> 



t> 



Area 
in Acres. 


Estimated 
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in 1880. 


Ratable 

Value 

in 1885. 


8,420 


427,769 


£1,621,701 


1,882 


26.000 


113,667 


1,412 


7,422 


31,334 


453 


25,300 


69,803 


1,039 


7,100 


47,614 


943 


62,510 


171,875 


3,638 


27,300 


125,601 


8,916 


10,552 


63,198 



3,500 15,275 



4,042 
13,030 



1,655 
8,810 



84,476 

19,208 
52,716 





Total, . 


47,275 
B. 


6i9,e 


(93 £2,401,093 
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Old Farm. 










Land, . 


• • • 


£56,337 










Works, Tanks, &c., . 


•  • 


91,479 










Stock and Plant, 


• • • 

Nkw Farm. 


22,728 








£170,544 


Lands. — Be Wiley's Lease 


» • • 


£1,500 










„ Perkins' „ 


• • • 


164 










„ Housman (Freehold), 


6,249 










,, Earl of Bradford (Freehold), . 


38,484 










„ Bagot 


»» 


49,498 










,, Newton 


i» 


11,173 










„ Goldingay 


i» 


3, 732 








110,800 










Works.— Main Conduit, 


• • • 


£33,256 










3ft. 6in. „ 


• • • 


3,544 










Laying out and 


Draining, . 


46,979 










New Buildings, 


• • . 


20,119 










Repairs to Old Buildings, . 


599 










Permanent Carriers, 


8,802 








113,299 


Live Stock and Farm Implements, . 


 




• 


9,052 












£403,695 
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CHAPTER XXVIII. 



NEWHAVEN. 



Population, &c. — Population draining to works, 4,000 ; ratable 
value, £11,000; water-closets are general. There are two 
storm-ovei-flows. 

Works — ^The works were constructed in 1886, and were 
designed by Mr. W. H. Badford, Assoc. Mem. Inst. C.E., Mem. 
San. Inst., Nottingham, who also superintended their con- 
struction. 

The scheme was selected from others in an open com- 
petition. 

As it was useless to attempt the utilisation of the sewage, 
with profit to the ratepayers, it was decided that the sewage 
should be discharged into the estuary at a point as near its 
junction with the sea as possible. The works are well calcu- 
lated to admit of the sewage being disposed of without risk of 
polluting either the river banks, or the foreshores. 

3,360 lineal yards of new pipe sewers were laid in that part 
of the town situated upon the west side of the river, and these 
convey the sewage to a storage culvert, or tank sewer, which 
is 6 feet 6 inches in diameter (see section on Plate 30) and 
900 feet in length, with a storage capacity of 166,000 gallons. 
As gravel was found in abundance in the trench in which this 
culvert was constructed, Portland cement concrete was entirely 
used in carrying out this portion of the work. 

The outfall sewer is well placed, with its invert sufficiently 
high above that of the storage tank, to admit of a free 
discharge of its contents at all states of the tide. 

The invert of the tank sewer is at the level of low water 
mark of neap tides, the range of which is 1 5 feet, whilst thai 
of spring tides is 20 feet. 
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A penstock has been placed at the outlet end of the tank 
sewer, and is raised as soon after the tide begins to ebb as will 
ensure a satisfactory result, on the outflow of the sewage, which 
is carried with the current far out into the English Channel. 
The penstock is closed before the turn of the tide, the sewage 
is again impounded, and the operations repeated. In addition 
to the penstock, two tidal flaps have been also placed at 
the outfall. 

The storage culvert is placed near the fort-hospital of the 
War Department, and no ventilation openings of the ordinary 
kind were allowed to be constructed upon the culvert; an 
air-inlet was therefore placed near the outlet, and a tall 
ventilating tower at the other end. The outfall sewer is 
trapped off from the storage culvert, so that the sewer air 
generating in it cannot pass up into the town. 

Heavy detritus is prevented from entering the storage 
culvert, by means of a large catch -pit. 

Utilisation of Tidal Water. — One feature of the scheme is 
the utilisation of the tidal water for washing the outfall sewers 
from end to end. These sewers are constructed below the 
level of high water, and flushing tanks, in connection with the 
sewers and the river, have been built, which are filled with 
water at high tide ; each tank is provided with a flap with 
gun-metal faces, which is raised when desired, thus admitting 
the contents of the tank into the sewers, and effectively 
flushing them. 

On the east side of the river, some of the old sewers, with 
the old outfall, were retained, but a storage culvert 300 feet in 
length and 4 feet in diameter was constructed, with the same 
object as the works described. New flushing and ventilating 
arrangements were added to all the old sewers. 

Cost. — ^The entire cost of the new works was £5,362. 

Before these works were constructed, the drainage arrange- 
ments of Newhaven were in a notoriously bad condition ; and 
as it is one of the chief passenger-ports for the Continent, it is 
of importance that the disposal of the sewage should be care- 
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fully and effectively accomplished ; with proper attention to 
the works described, the object may be well attained. 

The author is indebted to Mr. Radford for the details of 
these works. 
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PORTSMOUTH. 



Population, &C.— Population draining to works, 130,000; rat- 
able value, £500,000; water-closets, 26,000; daily dry- weather 
flow of sewage, 4,000,000 gallons. There are two storm^ 
overflows. 

The separate system of drainage is partly in operation, but 
in designing the outfall works, provision was made for a 
considerable amount of rainfall per hour. 

Works* — ^The sewage-disposal works are in some respects 
both novel and interesting. The district drained is very flat. 
"The highest, busiest, and most densely populated portion 
of the borough is elevated about 12 feet only above the tidal 
range, while about one-third of the borough is very little 
above the level of ordinary spring tides " (Angell), In order, 
therefore, that the sewers should be provided with sufficient 
fall, the sewage has to be pumped. 

There is a small pumping station at Stamshaw, containing 
pumping machinery operated by a pair of 4 N.H.P. Otto gas- 
engines, by means of which the sewage of the sub-district is 
raised and discharged into the main outfall sewer. All the 
main sewers discharge their contents into the pump-well of 
the main pumping station, which is situated near Eastney 
Fori This pumping station, with a long length of new 
outfall sewer, a rising main, the tanks, and other works, were 
designed and carried out by Sir Frederick Bramwell, Mem. 
Inst. C.E., F.RS., &c^ with the assistance of bis chief assistant. 
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Mr. Harris, Mem. Inst. C.E. The old system, designed by 
Mr. Lewis Angell, Mem. Inst. C.E., had in 1882 become in 
part inadequate for the requirements of ^the borough, and the 
works to be described were in substitution of such of them as 
required alteration. 

Before definitely deciding upon the point of discharge of the 
sewage, Sir Frederick Bramwell caused experiments to be 
made in order to ascertain the course that would be taken by 
the sewage, under the diverse conditions prevailing. It was 
found that the floats were carried many miles out to sea, when 
placed in the tide-way soon after high-water, and the works 
were designed so as to admit of an exceedingly rapid discharge 
of the sewage in order to take full advantage of this circum- 
stance. 

A reference to the plan will show that there is an exceed- 
ingly large land-locked harbour, that of Langstone, immedi- 
ately to the north of the outfall works. An enormous volume 
of water fills this harbour at high-water, and as a consequence, 
the velocity of the water passing through the narrow channel 
communicating with the sea, is, both on the ebb and flood, 
very high, the range of the tide varying from 13 feet 6 inches 
at spring, to 10 feet 9 inches at neap. 

The point of discharge, which was selected by Mr. Angell, 
when firat designing the works, and subsequently approved by 
Sir Frederick Bramwell, is peculiarly well-situated, having 
regard to all the circumstances of the case. 

The new main pumping station contains a pair of 150 
I.H.P. compound condensing rotary beam-engines. Each 
engine works two pumps by means of connecting-rods, one 
at each end of the beam. The pumps are each capable of 
delivering 500,000 gallons of sewage per hour, when doing 
full duty. 

The rising main leading from the pumping station to the 
sewage tanks is 3 feet G inches in diameter, and about 1,500 
yards in length. 

Tanks. — There are three storage tanks, side by side, having 
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a collective capacity of 4,500,000 gallons, and covering an area 
of 3 J acres. Each tank is 160 feet in length, and 150 feet in 
breadth. As shingle was found in profusion upon the site, the 
tanks are constructed of concrete, with brick facings ; they are 
arched over, and soiled. The inverts of the tanks are seg- 
mental in cross-section, with a longitudinal fall of 1 in 150 to 
the outlets. With the object of allowing their contents to be 
discharged as soon as desirable after high water, the tanks 
have been constructed with inverts at a level of 1 foot below 
ordinary high-water mark. The tanks are provided with 
sluices at the upper end, in order to admit of part of the 
contents of a full tank being discharged into an empty one for 
the purpose of flushing out deposits. 

Ventilation of Tanks. — The ventilation of these large tanks 
is provided by means of twenty-seven fresh-air inlets in the 
crown of the arch on the shore side of the tanks. Along the 
land side of the tanks is a flue 4 feet high by 2 feet 6 inches 
wide, which runs the entire length, and is connected with the 
under-side of a coke furnace about 3 feet square at the bottom 
and enlarged to 6 feet square at the top of the fire. The fumes 
are passed into a chimney shaft about 100 feet in height. 

Rapid Dischargee of Sewage.— The rapid discharge of the 
whole of the impounded sewage is an essential feature of the 
scheme ; the outlets are sufficiently large to admit of all the 
sewage being discharged into the outfalls, and thence into the 
sea, within a period of one hour. The tanks first discharge 
into a culvert 7 feet by 6 feet in size, from which three lines of 
Ciist-iron pipes, 3 feet 6 inches in diameter, proceed well into 
the tide-way, their mouths being just below low-water mark. 
The arrangements by means of which the large penstocks 
situated between the tanks and the large culvert are operated, 
are of an exceedingly ingenious nature. On the arrival of the 
period when it is desirable to allow the sewage to be discharged 
into the sea, a small penstock is opened, the escaping sewage 
operates a turbine, which in its turn sets in motion the 
machinery by means of which the large penstocks are opened, 
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thus one man can readily open these ponderous appliances, 
and attend to the tanks as well. 

Obligation not to foul the Fore-shores.— The Corporation 

of Portsmouth are under an obligation to the War Department 
to dispose of the sewage without creating a nuisance by fouling 
the fore-shores, and it would be difficult to devise a scheme 
which would better meet the exigencies of the case. 

Up to the point where the sewage enters the sea, the 
disposal works are similar in principle to many of those 
established with a view to the purification of the sewage by 
land treatment. Political economists would probably say that 
the discharge into the sea of so much fertilising material is a 
waste of the nation's resources, but the ratepayers of Ports- 
mouth cannot be expected to pay for the recovery of such 
fertilising ingredients, as they would inevitably be compelled 
to do, should land treatment be resorted to, merely in order 
to satisfy' the political economist. 

Cost. — The pumping station and rising main cost £25,000; 
the tanks and outfall works £45,000. The annual working 
expenses at the pumping station amount to £2,450, and at the 
tanks to £250. 

The author is indebted to Mr. H. Percy Boulnois, Mem. Inst. 
C.E., the late Borough-Engineer of Portsmouth, now Borough- 
Engineer of Liverpool, for the opportunity of inspecting the 
works, and for all the details relating to them. 



CHAPTER XXX. 

SEWAGE PRECIPITATION WORKS, DORTMUND (GERMANY). 

Population, &C. — ^The town of Dortmund contains about 
85,000 inhabitants, and is drained on the water-carriage 
system, but no ftecal matter enters the drains. The fieces 
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are collected in cesspools and taken away by the farmers and 
peasants of the surrounding district. In addition to the rain- 
water the sewers take the ordinary street-water and also the 
waste liquors from the manufactories. Dortmund contains an 
immense number of breweries, and the waste therefrom is one 
of the chief difficulties to be contended with in any attempt 
to purify the sewage, not only on account of its great volume^ 
but more especially by reason of its disagreeable property of 
fermenting and giving off bad odours. It is of the utmost 
importance that the effluent should be as pure as possible, as 
the brook into which it is discharged only contains a small 
quantity of water, especially in summer, and has, moreover, a 
large quantity of mill weirs occurring on its course. 

In consequence of the bad odours emanating from this 
stream (called the Emster), complaints against the Town 
Council were of frequent occurrence, and in the year 1882 
the Government compelled the town to construct precipitation 
works. These were the first works of the kind constructed in 
Germany. 

Works. — The works, as first carried out, contained two pre- 
cipitation tanks, similar in design to those in use in England. 
They proved, however, to be too small, and the sludge was a 
great source of annoyance, it putrefying within a short time, 
and then rising to the surface. In designing new works it 
was of primary importance that the remedying of this 
nuisance should be kept in view and that such arrangement 
should be made bb would allow of the sludge being removed 
without interfering with the continuous working. 

The Rockner-Rothe system seemed to solve this problem,, 
but as its cost was extravagantly high, it was decided to adopt 
the plan of constructing cylinders sunk in the ground instead 
of vacuum cylinders. The nature of the subsoil, which consists 
of so-called "Flies" (sandy mud), seemed to point in this 
direction. 

Treatment. — The old tanks are still in use, and serve as 
preliminary depositing tanks ; the sewage being in this way 
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freed from the grosser impurities and floating matter. From 
the tanks the sewage flows through a winding carrier, where 
the chemicals are added ; the mixing being performed by 
means of two water-wheels driven from one shaft. The floats 
of these wheels are made of perforated zinc As there is very 
little fall to be obtained at the works, these mixing-wheels are 
also used to lift the water to the desired height. This arrange- 
ment allows of the chemicals used (lime and sulphate of 
alumina) being added at different points, the sewage, after 
receiving the lime, being allowed to travel some distance 
before the sulphate of alumina is added. This is done on the 
assumption that the action of the lime, from a bacteriological 
point of view, does its work more efiectively in this way than 
if both were added at the same time. 

After the addition of the chemicals the sewage flows through 
the distributing channel into the inlet pipes of the cylinders 
and passes down the vesical zinc cylinder to a depth of about 
30 feet ; it is there distributed throughout the section of the 
cylinder, and rises gradually to the top. In order to ensure a 
uniform motion of the sewage at all parts of the cylinder, i.e., 
to obviate a rush towards the outlet, overflow channels have 
been constructed at the surface into which the clear liquid 
flows evenly. The action is as follows : — At the lower part of 
the tank, flocculating matter is formed; this subsides gradually 
into the apex as sludge, which, however, previously serves as 
a filter for the rising water. In this way the chemicals are, at 
the same time, utilised to their fullest advantage. The higher 
the level the filtering medium is kept, the more complete is 
the action ; in other words, the best results are reached, if the 
tank is first filled rapidly until the flocculent matter appears 
near the surface, and the flow is then entirely stopped until 
this matter has subsided. If the water is again turned on 
the clarified effluent overflows at the top, and subsequently a 
new filter is formed. 

The results of this mechanical operation are very good. All 
that is required is to allow a sufficient sectional area and 



SLUDGE REMOVAL — CHEMICAL TREATMENT. 257 

depth. It is advisable to assume a continuous stream, the 
velocity of which does not exceed 15 feet per hour. This will * 
give the corresponding duration of rest. With perfect rest, as 
is well-known, the most complete precipitation takes place. 

During the period of rest the removal of the sludge is 
effected, because at that time it is less liquid than during the 
inflow of water. The sludge is raised pneumatically through 
wrought-iron pipes of 6 inches diameter, which are connected 
with two receivers, fixed above the water level. These receivers 
are exhausted by means of an air-pump driven by the engine, 
and thus filled with sludge. The filling and emptying of these 
receivers is accomplished automatically by means of single- 
acting ball-valves closing in opposite directions. The only 
manual labour required is to turn the two air-cocks in the 
suction pipe (three-way cocks with one opening to the external 
air). While one receiver is being emptied of sludge, the other 
is exhausted ; when it is filled with sludge the three-way cock 
is turned so as to admit air, and the sludge flows out auto- 
matically. It is then conveyed by means of wooden carriers 
to sludge-drying beds. Here it remains until it is sufficiently 
compact, and is then sold. Up to the present time the whole 
of the sludge has been sold to farmers at a nominal rate of 
about 2d. to 2^d. per ton. 

The chemicals are prepared in very nearly the same manner 
as at other places. In the upper part of the building there ara 
pans in which the lime is slacked, and large vats in which the 
sulphate of alumina is dissolved by means of steam. In the- 
lower part of the building the mixing-vats are placed, together 
with a hoist for chemicals, &c., and a centrifugal pump for 
lifting the sewage to a projected private irrigation-farm. The 
engine and boiler have been designed of sufficient power for 
this purpose. The engine is of 14 H.P., whilst only about 
5 or 6 H.P. is required for the ordinary working. 

The volume of sewage having increased in consequence of 

the increase in the population, it has been decided to enlarge 

the works, and two additional cylinders are now being con- 

17 
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structed, which will shortly be working in conjunction with 
the four existing ones. Each cylinder will clarify about 
700,000 gallons per day. 

Two points are necessary for the satisfactory working of 
this system — 

1. All floating matters and heavy particles must be kept 

out of the cylinders by means of screens. 

2. The sludge must never be allowed to accumulate in the 

cylinders and get old. 

If these points are attended to, the system works smoothly 
and without trouble. 

Cost. — The cost of the works (exclusive of the old tanks, 
which cost £1,250) was £6,000, the two cylinders now being 
constructed will cost an additional £1,500. 

This special system of cylinders has been patented in the 
German Empire. 

The author is indebted to Herr C. Kniebiihler for the details 
of this interesting and novel system of sewage clarification. 



CHAPTER XXXL 

TREATMENT OF SEWAGE BY ELECTROLYSIS. 

The Webster Process. — Of all the systems of sewage-treatment 
yet introduced, that by Mr. Webster may fairly be said to be 
one of the most promising. When it is considered that the 
application of electricity is almost daily extended to new 
objects, and that the science is, as yet, in its infancy, it must 
be admitted that the results achieved by Mr. Webster are of 
the most encouraging nature. 

The time may come when our towns will be lighted with 
electricity by night, whilst by day the dynamos will be 
employed in purifying the sewage; then the loading of the 
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sewage with chemicals, with the consequent production of 
large masses of sludge, will no longer be necessary. 

The author is satisfied that the principle is correct; the 
difficulty lies in its application. But this difficulty can be 
overcome, and will be, as far greater ones have been in the 
modern history of science. 

The following account of the process is by Mr. Webster, 
F.C.S. :— 

"It may be that scientific knowledge is not sufficient at 
present to entirely and finally deal with this question. We 
should, however, aim at as high a standard of purification as 
possible — it is of no use to try half measures — ^and whatever 
the treatment may be, the nearer Nature's action is approached, 
the nearer will be the solution of the difficulty. 

" Oxidation. — The oxidation of organic matter can only be 
attained by one mode — chemical action — whether it be by 
filtration accompanied by the action of micro-organisms, the 
addition of chemicals, or by mechanical force represented by 
the electric current. 

"Characteristics of Town Sewage.— Sewage is a most 
complex compound, whose component parts depend upon the 
water-supply of a town ; in some cases upon the rainfall and 
the industries of the locality. Householders and owners of 
factories would much assist local authorities in the end aimed 
at if they would disinfect their refuse before it passes into the 
sewers; thus, one of the most objectionable features to be 
noticed in London sewage is the large amount of organic 
matter with an obnoxious odour, floating on the surface. Its 
source is uncertain, but it is evidently of a nature that points 
to gas-works or tar-distilleries, also certain dye- and tan- 
refuse, which require more treatment than sewage itself. The 
manufacturer is at a loss where to put his waste-products, and 
it is an extremely difficult question for the public to solve ; 
but it is a moral certainty that, if the sanitary authorities of 
our cities and towns have to purify their sewage, the taxpayer 
will decline to pay for the treatment of manufacturers' refuse, 
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when it is known that sewage alone requires very much less 
expenditure on purification than when it is mixed with 
complicated waste compounds of a chemical nature. 

"Most of the methods of sewage-treatment hitherto tried 
have not only failed to meet reasonable expectations as to 
their physical and sanitary characters, but they have also 
proved, in many cases, costly failures. 

" Iron Salts. — It was while working with perchloride of iron 
as a purifier of sewage that the importance of iron salts in 
relation to organic matter became apparent; and it was in 
connection with this chemical and free chlorine gas, that the 
idea of electrolysis suggested itself. 

" Effect of Electrolysis.— The chemical changes that take 
place in sewage when it is electrolysed, depend chiefly on the 
well-known fact that water as well as sodium, magnesium, 
and other chlorides (which are always present in sewage), are 
split up by the electric current into their constituent parts. 
Thus, we have at the positive pole chlorine and oxygen set 
free, and these elements are liberated in a nascent state, a 
condition in which they are intensely active, so that the 
organic matter in the sewage is rapidly oxidised into 
innocuous compounds. So rapid is this action that, provided 
the sewage contains a sufliciency of chlorides, it is possible to 
produce a disinfecting fluid from it consisting of oxides of 
chlorine. 

" The first experiments were made with platinum plates, but 
the experience was that the cost of platinum put its use out 
of the question, besides which, there was a very slight action 
on the positive plate, which distinctly pointed to its ultimate 
destruction. For the treatment of sewage it is absolutely 
necessary that precipitation of the matters in suspension 
should take place, and the more complete this is the better 
the ultimate result. After a long series of experiments in 
the laboratory, it was found that oxidisable plates produced 
the desired result. These plates should be of such material 
that they shall have no poisonous after-effects either on land 
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or in rivers. The metal should be either aluminium or 
iron; the first-named is out of the question owing to cost, 
but iron, besides having the advantage as regards price, in 
the form of oxide has many valuable qualities, one of the 
chief being that sulphuretted hydrogen cannot exist when 
ferrous or ferric oxides are present. It is well known that 
oxide of iron, in the hydrated form, is largely used for 
purifying coal-gas from sulphuretted hydrogen. After many 
months of exhaustive experiments, carried out on a large 
scale at Crossness, it has been conclusively proved that cast- 
iron plates of the commonest quality, employed as electrodes, 
give the best result 

** Electrical Action. — The electric action is easily explained. 
At the positive pole the chlorine and oxygen given off combine 
with the iron to form a salt which is doubtless for the moment 
a hypochlorite of the metal, but it immediately changes into a 
chloride, which in its turn is deprived of chlorine to form 
ferrous carbonates and oxides. During the chemical action, 
carbonate of iron exists in solution, and its formation is due 
to the presence of carbonates in the sewage, chiefly carbonate 
of ammonia. In samples that are absolutely free from dis- 
solved oxygen, the ferrous oxide in the white form is precipi- 
tated, and on shaking it up with air it changes to the usual 
pale-green colour; the carbonate of iron at the same time 
being oxidised, the ultimate red precipitate is known as ferric 
oxide, FcgOg, and sometimes this changes, after a time, back 
again to the ferrous state, FeO, thus showing that it has acted 
as a carrier of oxygen to the organic matter present On a 
small scale the precipitate is carried to the top, due to the 
bubbles of hydrogen collecting round the particles of matter 
in suspension, but it ultimately sinks in the usual manner. 
In practice the precipitate does not rise, owing to the larger 
evaporating area, which allows the escape of the gases pro- 
duced. The current required for the action varies with the 
nature of the sewage. It is usually assumed that 1*5 volts 
are required for splitting up water into its component parts ; 
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this may possibly be true with carbon plates, but with iron 
plates acting on sewage the same result can be obtained 
with "9 volt as with double the intensity ; of course it takes 
a longer time, for w^ith such a low voltage the quantity of 
current is small. 

** Current Required. — An ordinary sample of sewage re- 
quires, on an average, one ampere of current for 10 minutes per 
gallon, but when mixed with foreign matter, such as manufac- 
turers' waste-products, the amount required can only be 
ascertained by experiment. 

** Care of Plates. — The plates themselves should always be 
kept under water, so as to prevent the formation of the red 
oxide on the surfaces, and the action should be continuous as far 
as possible, for if continuous, the plates seem to acquire some 
property which reduces the resistance to the electric current, 
and therefore lessens the cost. At the beginning of a month's 
run, which lately took place, the voltage measured across 
certain plates was 3, but after a few days only 1-79, when 
doing the same work. On examining the plates freshly taken 
from the liquid they were in, a thin coating of the black or 
magnetic oxide of iron was found, which has the property of 
preventing the rusting of the plate under water when the 
electric current is cut off. 

" Screening^. — The sewage to be treated should, of course, be 
screened in the usual way, and then allowed to run through 
the plates, so that every molecule shall come into contact with 
the surfaces of the metal. 

** Plants— For 1,000,000 gallons sewage flow in 24 hours, the 
complete plant necessary is: — Engine-, dynamo-, and boiler- 
house; two engines and boilers, each 12 horse-power nominal ; 
two dynamos ; brick shoots with culverts at side ; two settling 
tanks ; sludge-tanks ; sewage culvert ; treated sewage culvert ; 
cast-iron plates, copper conductor, measuring instruments. 

** Electrodes. — By actual experience we have been able to 
prove that at least 25 sections of electrodes should be in 
series, and across any one of these sections the potential 
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difference need not be greater than 1-8 volts, the current 
being of any desired amount, according to the surface of plates 
used. In experiments lately carried out, a current of 370 
amperes was used, which was calculated as '23 ampere per 
gallon per hour ; or, taking it in watts, the estimated horse- 
power required per million gallons in 24j hours was 26. These 
%ures have been checked by Dr. John Hopkinson. The organic 
matter in solution of the particular sewage acted on upon this 
occasion showed a reduction of 61 per cent, after treatment. 
In other cases a purification of as much as 87 per cent, has 
been obtained. If a lesser purification be sufficient, it would 
mean a reduction of horse-power, as, during anothet run that 
lately took place, the measurement across the electrodes proved 
that 19 estimated horse-power was sufficient to treat 1,000,000 
gallons in 24 hours, the resulting purification of organic matter 
in solution amounting to 50 per cent,; the waste of the iron 
plates showing an average of 2 grains per gallon of sewage 
treated. 

" Plates,— The drawing (p. 264) represents the experimental 
plant at Crossness, but experience has shown a better arrange- 
ment of electrical channels for actual working. A channel should 
be kept at the bottom of the electrodes for the collection of 
the silt, with a culvert at side to flush it into so as to prevent 
any block occurring. The advantage of this is obvious. The 
plates in each section are about an inch thick, and can be of 
any length up to 6 feet. It may possibly be objected that a 
large number of plates is required. This may be so, but the 
larger the number of plates the less the engine-power required, 
and the longer they last. In each section the electrodes are 
in parallel, and any one section is in series with the other, 
the arrangement being exactly like that of a series of primary 
battery cells. 

" In putting down plates for the above quantity of sewage, it 
would be as well to allow in them sufficient weight for five or 
ten years' consumption; what remained of this could be sold as 
* old iron ' at the end of that time. One of the advantages of 
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having the plates in series is that if anything goes wrong in 
any particular section it can easily be set right, the current 
being cut off during the repairs. The shoot containing the 

il 
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electrodes should be coated inside with some sort of asphalt, 
so as to prevent, as far as possible, any leakage of current 
to earth, the asphalt acting as an insulator. The highest 
efficiency would be obtained by using direct driving, provided 
that the engine is of first-rate workmanship, and the dynamo 
constructed to run at a comparatively low speed. This saves 
in transmission, and prevents any difficulty that might arise 
with belting. Consumption of coal under the best conditions 
may be taken to range from 1*8 to 2*5 lbs. per horse-power per 
hour; the cost of fuel and iron varies so much in different 
districts, the prices in London being nearly double those near 
mining localities, that no accurate estimate can be made of 
the working expenses, as these will depend upon the locality. 
Discounting this, it may be taken that the capital outlay 
necessary for complete plant, and capable of dealing with the 
sewage of a small town, amounting to a flow of I,0p0,0p0 
gallons daily, would be about £6,000 or £7,000, the engines 
and dynamos being in duplicate, as most engineers would 
agree they should be. The quantity of iron plates included in 
the above sum would be serviceable for ten years, as far as one 
can foresee, and it is also assumed that the town where this 
plant would be erected has no appliances for treatment, such as 
precipitating tanks, &c.; where these are already in existence 
the cost would naturally be less. In reference to the cost per 
million gallons the same arguments hold good as to the situa- 
tion of the town ruling the price. Since the first calculations 
were made, the rise in the markets has increased the cost of 
working; but it can be arrived at by the average consumption 
of iron, and the necessary horse-power. Thus, the daily waste 
of iron may be taken as 286 lbs. per million gallons, and the 
consumption of coal three-fifths of a ton ; the labour required 
for working a plant of this description would be two shifts, 
two men to each shift. 

^* Effluent. — The effluent produced by the above process 
contains about 3 grains per gallon of suspended matters, which 
consist almost entirely of oxide of iron which is quite 
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innocuous. Where this is objectionable from a sentimental 
point of view, it can be entirely removed by filtration through 
a few inches of sand. Where an even higher degree of 
purification is required, for instance, when the effluent has to 
be run into a trout stream, it is possible to produce any further 
degree of purity required by passing it through an electric 
filter, which is arranged as follows : — 

"Filters. — Alternate layers of small coke, free from sulphur, 
are separated, either by layers of sand or perforated tiles ; by 
suitable connection these beds of coke form positive and 
negative electrodes — the first layer of material being sand, so 
as to mechanically separate matters in suspension. It is 
impossible for disease germs to propagate, owing to the 
nascent oxygen and chlorine produced when the filter is in 
action. The oxygen given ofi^ in the pores of the carbon 
also prevents the filter from choking. 

"In this case, the sewage, after action with the iron electrodes, 
is allowed to flow into a settling tank, and after remaining 
there for an hour or longer for the precipitate to subside, the 
effluent is passed through the filter, any oxide of iron that 
may be present tending to keep the top layer of filtering 
medium free from any objectionable action, and in its turn 
forming a filtering medium. 

" Report by Sir H. Roscoe.— Sir Henry Roscoe has investi- 
gated this process, and the following are a few extracts from 
his report. He states — 

" ' The quantity of sewage operated on in each experiment 
was about 20,000 gallons. 

"*The reduction of organic matter in solution is the 
crucial test of the value of a precipitating agent, for unless 
the organic matter is reduced the effluent will putrefy and 
rapidly become ofiensive. I have not observed in any of the 
unfiltered effluents, from this process, which I have examined, 
any signs of putrefaction, but, on the contrary, a tendency to 
oxidise. 

"*The absence of sulphuretted hydrogen in samples of 
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UDfiltered effluents, which have been kept in stoppered bottles 
for three weeks, is also a fact of importance. 

" ' The settled sewage was not in this condition as it rapidly 
underwent decomposition in two or three days, even when in 
contact with air. 

" * By tliis process the soluble organic matter is reduced to a 
condition favourable to the further precipitation by natural 
agencies.' 

SIR HENRY ROSCOE'S ANALYSES. 
No. 

1 
2 
3 
4 
5 
6 

" Land. — In cases where specially-prepared or suitable land 
of a porous nature is procurable, the treated sewage might be 
wholly or partially used for manuring crops, in which case the 
sewage should be only so far treated that the prevention of 
putrefaction is assured. 

" The advantage of iron in the soil is one that every practical 
man must acknowledge. As a proof of this, some sludge 
(deposit after electric treatment) was pressed without the 
addition of lime, and it was applied to vegetables, the result 
being that a marked difference in favour of iron manure was 
shown in the crops when compared to others grown with 
ordinary farmyard manure. 

" Sludge. — With regard to the question of sludge-disposal 
it is suggested that, where practicable, the sludge should be 
puddled with chalk, and run on to waste lands through 
wooden conduits, similar to the process of mixing clay and 
chalk in a washing-mill and running into backs, as carried 
out in cement manufacture ; the only alternatives being filter- 
pressing, digging into land, or shipping out to sea 

" Biology. — The bacteria question is one which has probably 
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still to be settled, but in order to obtain some information as 
to the action of the iron compound produced by electro- 
chemical decomposition, some experiments were carried out, 
with the result that after a given treatment the whole of the 
bacteria were killed. In the case of experiments carried out 
in Paris, with ordinary treatment by means of iron electrodes, 
the results were as follows : — 

Baw Sewajre. Effluent. 

Organisms per cubic centimetre, . . 5,000,000 600 

" Another experiment in which the effluent w^as treated still 
further, so that a slight odour of oxide of chlorine was percep- 
tible, destroyed all organisms, and the liquid remained sterile. 

** Conclusion. — In conclusion, it is submitted that the 
application of the electric current in the several ways described 
produces a precipitating and oxidising action similar to natural 
processes, in which the organic matter is destroyed by oxida- 
tion due to dissolved oxygen slowly absorbed from the air, 
assisted in many cases by matters in the soil, such as oxides 
of iron, acting as carriers of oxygen, and it is also stated that 
the question of cost will bear favourable comparison with any 
process which really does the work attributed to it." 



269 



INDEX. 



A. B.C. process of treating sewage, 74, 
75; at Kingston-on-Thames, 171-173. 

Accrington, sewage disposal at, 40. 

Acton, sewage disposal at, 42 ; fero- 
zone and polarite process adopted 
at, 76 ; sewage works at, 203-208. 

Aeration of sewage, 67. 

Aldershot, sewage disposal at, 42. 

Alumino-ferric, 166, 168, 217, 218. 

Amines process of treating sewage, 
78, 79. 

Ammonia and ammonia compounds 
in river- water, 9, 10, 13; in sewage, 
33 ; in the effluent water at the 
sewage farm, Hitchin, 148; and 
sewage works, Forfar, 148; in 
Ealing sewage, 160; in Bradford 
sewage, 183; in the Acton sewage 
works effluent water, 206, 207 ; in 
Hendon sewage-sludge, 207) 208 ; 
in Wimbledon sewage and effluent 
water, 225 ; in sewage at Crossness, 
267. 

Animal organic matter in river- 
water, 8. 

Antiseptics preventive of nitrification 
in soils, 111, 113. 

Arsenic in polluted river- water, 13, 15. 

Asparagus on sewage farm at Bedford, 
134, 135, 140. 

Aspergillus, food required for, 84, 85. 

Aston, 236, 245 ; sewer for, 238, 239. 

Aston manor, sewers at, 235, 238, 239; 
works at, 238 ; district of, 245. 

Aylesbury, rate of sewage flow at, 31 ; 
hourly variation of sewage composi- 
tion at, 32 ; sewage disposal at, 40, 
42 ; the A.B.C. process tried at, 75; 
composition of sewage-sludge at, 98. 

Back areoB, separate drainage of, 
44, 45. 



Bacteria, action of, in bringing about 
fermentation of sewage, 81-85 ; 
destruction of, by electrolysis, 268. 

Balsall Heath, works at, 235, 238; 
district of, 236, 238, 245; sewer 
for, 239. 

Banbury, sewage disposal at, 42. 

Barking, drainage scheme for, 208, 209. 

Barley on sewage farm near Doncaster, 
122; at Bedford, 134, 140. 

Beans on sewage farm near Doncaster, 
122 ; at Bedford, 134, 135. 

Bedford, sewage disposal at, 40, 42 ; 
sewage irrigation farm at, 130-143. 

Beggiatoa, see Sewage fungus. 

Birmingham, pail system in, 35, 36 ; 
sewage disposal at, 40, 42 ; sewage- 
sludge dug into land at, 92; com- 
position of sewage-sludge at, 98 ; 
sewage works at, 232-248. 

Bisulphide of carbon, a preventive of 
nitrification in soil, 111. 

Black-ash waste, use of, in treatment 
of sewage, 73, 74. 

Blackburn, sewage disposal at, 40, 42. 

Board of Health (General) consti- 
tuted, 2. 

Bolton, sewage disposal at, 40, 42; 
composition of sewage-sludge at, 98. 

Bradford, sewage disposal at, 40, 42 ; 
composition of sewage-sludge at, 
98 ; sewage works at, 182-192. 

Bradley's sewage clarifier, 64, 65. 

Brentford, sewage disposal at, 40, 42 ; 
sludge- pressing at, 89. 

Burnley, sewage disposal at, 40, 42 ; 
cement formed from sewage-sludge 
at, 92. 

Burton-on-Trent, sewage disposal at» 
40, 42. 

Bury, pail system in, 36-39. 

Buxton, sewage disposal at, 40. 
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Cabbasres on sewage £iirm at Bed- 
dmgfcon, near Croydon, 128; Bed- 
ford, 134, 135, 138, 139; Swanwick, 
158; Wimbledon, 228. 

Carbon, organic, in water, 8 ; in river- 
water, 8, 9, 10, 13, 15; in London 
sewage, 84 ; in Ealing sewage, 160 ; 
in Wimbledon sewage and effluent 
water, 223. 

Carriers or grips, construction and 
arrangement of^ 114; at the sewage 
farm near Doncaster, 121 ; at Bed- 
dington sewage farm, near Croydon ; 
127, 128 ; at Bedford, 133 ; Merton, 
153; Swanwick, 157, 158; Wimble- 
don, 223, 224 ; and Saltley, 241. 

Carrots on sewage farm at Bedford, 

134, 135, 139. 

Cauliflowers on sewage farm at Bed- 
ford, 134, 135, 138, 139. 
Celery on sewage farm at Bedford, 

135, 140. 

Cesspools condemned, 17, 19, 34. 

Chadwell, see Ilford. 

Charcoal, use of^ in deodorising sewage, 
74, 75, 205. 

Chester, sewage disposal at, 40, 42. 

Chiswick, sewage disposal at, 40, 42; 
sludge-pressing at, 89; sewage 
works at, 164-169. 

Chloride'of sodium in river- water, 9, 10. 

Chlorine and chlorine compounds in 
river- water, 9, 10, 15; in town 
sewage, 12, 13; in the water at 
For&r sewage works, 148; in the 
affluent water at the Acton sewage 
works, 206; in Wimbledon sewage 
and effluent water, 225 ; liberation 
of free, as a disinfecting agent, 260, 
261. 

Chloroform, a preventive of nitrifica- 
tion in soil. 111. 

Cholera, outbreak of, 1854, 2. 

Clay, use of, in treatment of sewage, 
74, 75. 

Clay soils, drainage of, 104 ; cracking 
of, 104, 105. 

Clinkers formed from sewage-sludge, 
91,92. 



Clover, at the sewage farm, Bon- 
caster, 121, 122. 

Commercial aspects of sewage farmings 
116. 

Commissioners for preventiDg river- 
pollution, conclusions of, 15, 16 ; 
on river-water as an oxygenant of 
organic matter, 83, 84; experiments 
of, on intermittent downward fil- 
tration, 107-109. 

Commissioners for remedying the pol- 
lution of the Seine, appointed 1874, 
conclusions of, 19, 20. 

Commissioners (Royal Metropolitan 
Sewage), conclusions and recom- 
mendations of the, 23-28 ; on the 
chemical treatment of sewage, 80-82. 

Commissioners (Royal Sewage), con- 
clusions of, as to sewage disposal, 
14. 

Commissioners (Turin), for methods of 
refuse disposal, conclusions of, as to 
sewage, 23. 

Committee (Glasgow) on sewage dis- 
posal (appointed 1880), recommen- 
dations proposed by the, 20-22. 

Ckimmitteeof Locsd Government Board 
(1875), conclusions of, as to sewage 
disposal, 16-18. 

Committee of Society of Arts (Health 
of Towns), 1876, conclusions of, on 
sewage disposal, 18, 19. 

Cost of sewage farming at Doncaster, 
122-125 ; Beddington, near Croydon, 
129 ; Bedford, 131, 132, 134, 136, 
142, 143; at Dewsbury, 145; at 
Hitchin, 146, 147 ; of sewage works 
at Forfar, 148 ; of filtration area 
and farm at Merton, 155 ; of fann 
at Swanwick, 158 ; of sewage works 
at Chiswick, 168, 169; Kingston-on- 
Thames, 173; Salford, 179, 182; 
Bradford, 185, 190-192; New 
Maiden, 193, 194 ; Friem Bamet, 
202; Acton, 204, 208; Coventry, 
213; Wimbledon, 221, 230, 231; of 
sewage farm and works, Saltley 
(for Birmingham district), 242-248 ; 
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of works at Newhaven, 250 ; Ports- 
mouth, 254 ; DortmuDd, 258. 

Coventry, sewage disposal at, 40, 42 ; 
sludge-pressing at, 89 ; composition 
of sewage-sludge at, 98, 99; sewage 
disposal works at, 211-213. 

Crewe, water-closets at, 38; sewage 
disposal at, 40, 42. 

Cropping of sewage farms, 115, 116 ; 
at Doncaster, 121, 122; Bedford, 
133-140; Dewsbury, 145; Merton, 
153; Swanwick, 158; Coventry, 
213; Wimbledon 226-2.30; Saltley 
(Birmingham district). 243, 246, 247. 

Crossness, sewage disposal at, 40 ; ex- 
periments with the lime and proto- 
sulphate of iron process at, 70-73, 
79 ; sludge-pressing at, 89 ; compo- 
sition of sewage-sludge at, 100 ; ex- 
perimental electrolytic treatment of 
sewage at, 263-267. 

Croydon Rural, sludge-pressing at, 89; 
Beddington sewage farm for, 126- 
130. 

Cucumbers on sewage farm at Bedford, 
135. 

Currants (black) on sewage farm near 

Doncaster, 122; at Bedford, 134, 135. 

Dagenham, ate llford. 

Darlaston, 244. 

Derby, sewage disposal at, 40, 43. 

Dewsbury, intermittent sewage filtra- 
tion farm, 144, 145. 

Doncaster, sewage disposal at, 43; 
irrigation farm at, 120-125. 

Dortmund, the Kniebuhler tank at, 
57, 58 ; sewage works at, 254-258. 

Drainage on the sewage farm near 
Doncaster, 121 ; at Beddington (near 
Croydon), 126 ; at Wimbledon, 215, 
222. 

Dry earth system, 17. 

Duckett's water-closet, 37, 38. 

Dudley, sewage disposal at, 40, 43. 

Ealing, sewage disposal at, 41, 43 ; 
sludge used for making clinkers at, 
91, 92; sewage worka at, 168-164. 



Earlswood, irrigation method at, 105. 
Edinburgh, sewage disposal at, 41, 43. 
Edmonton, Hill6 process in operation 

at, 66. 
Erdmgton, sewer for, 238, 239. 
Essen, settling tanks at, 58-60. 

Fermentation as a means of render- 
ing excreta oxidisable, 81-85 ; as a 
cause of the formation of nitrates in 
the soil, 110-113. 

Ferozone and polarite process of treat- 
ing sewage, 75-78; as applied at 
Acton, 203-208 ; and Hendon, 207. 

Filter, electric, for effluent water, 266. 

Filter-press, its construction and modo 
of action, 95-97 ; at Chiswick, 167, 
168 ; at Wimbledon, 220. 

Filtration at Ealing, 158, 161 ; Chis- 
wick, 165, 166 ; Bradford, 187, 188 ; 
New Maiden, 193, 194 ; at Friem 
Barnet, 200, 201 ; Acton, 203-205. 

Filtration, intermittent, as a means of 
purifying sewage applied to land, 
103; experiments on intermittent 
downward, 107 ; at Coventry, 212, 
213. 

Forfer sewage works, 148, 149, 
Fowler's water-closet, 38. 
Friem Barnet, sewage works at, 194- 
202. 

Fryer's destructor used at Ealimr, 91. 
92, 163. 

Gooseberries at sewage farm, Don- 
caster, 122. 

Grantham, sewage disposal at, 41, 43. 

Grass (meadow) on sewage farm near 
Doncaster, 122 ; at Beddington near 
Croj'don (pasture), 128, 129; Bed- 
ford (meadow and pasture), 134, 
135 ; (pasture) at Saltley, 243. 

Halifax, pail system in, 35, 36. 
Handsworth, sowers at, 235, 238, 239 ; 

district of, 236, 245. 
Harbome, works at, 235, 238; district 

of, 236, 238, 245. 

Heat conditions of nitrification in Boil 
111. ' 
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Hertford, use of the lime and chloride 
of lime process at, 66 ; of the lime 
and phosphate of alumina process 
at, 70. 

Hille process tried at Wimbledon and 
Edmonton, 66. 

Hitchin, intermittent filtration sew- 
age farm at, 146-149. 

Houghton^s weir, 61, 62. 

Hydrocarbons in pollut<ed river- water, 
16. 

nford, Chadwell, and Dagenham 
sewage disposal works, 20S-211. 

Impermeable areas, separate drainage 
of, 46, 47. 

Iron, perchloride of, as a purifier of 
sewage, 260. 

Kilns for burning sewage-sludge at 

Salfbrd, 181, 182. 
KniebUhler tank, 57, 58. 
King*8 Norton, district of, 236, 245 ; 

sewer for, 239. 
Kingston-on-Thames, separate system 

of drainage as adopted at, 53; 

A. B.C. process adopted at, 75 ; 

sewage works at, 169-173. 
Eohl-rabi at Saltley, 243. 

Land irrigation as a means of dispos- 
ing of sewage, 17, 20, 21, 23, 27, 
28; in various large towns, 42, 43; 
modes of preparing the land for 
sewage disposal, 103-119; broad 
irrigation, 103; under-drainage, 103- 
107 ; intermittent downward filtra- 
tion, 107-109 ;UevelIing, 113, 114; 
carriers, 114, 115; the ridge and 
furrow method, 114, 115; prepara- 
tion of land at Doncaster, 121 ; at 
Dewsbury, 145 ; at Swan wick, 156, 
157. 

Leeds, water-closets in, 37; sewage 
disposal at, 41, 43; composition of 
sewage-sludge at, 98. 

Leicester, rate of sewage flow at, 31 ; 
sewage disposal at, 41, 43; failure of 
the lime process at, G5 ; maiiganate 



of soda used at, 73; the A.B.C. pro- 
cess at, 75 ; composition of sewage- 
sludge at, 98. 

Lettuces on sewage farm at Bedford, 
134, 140. 

Levelling of land for irrigation or 
filtration, 113, 114. 

Ley ton, sewage disposal at, 41, 43; 
sludge-pressing at, 89 ; composition 
of sewage-sludge at, 99. 

Lime and alumino-ferric process at 
Chiswick, 166, 168. 

Lime and black- ash waste process of 
treating sewage, used at Leytou, 
43, 73; Wimbledon, 73; Tottenham, 
73, 74; Friem Bamet, 201. 

Lime and chloride of lime process used 
at Hertford, 66. 

Lime and herring*brine (Amines) pro- 
cess, 78, 79; tried at Wimbledon, 
78. 

Lime and phosphoric acid process of 
clarification, 68, 70. 

Lime and proto-sulphate of iron pro- 
cess of treating sewage, 70-73, 89. 

Lime and sulphate of alimiina process, 
used at Chiswick, Coventry, 42; 
Ealing, 43, 163, 164 ; Wimbledon, 
43, 67, 217-219; mode of applica- 
tion, 67, 68 ; used at Friem Bamet, 
201; at Coventry, 212; at Dort- 
mund, 256, 257. 

Lime compounds in river- water, 10; 
in soil conducive to nitrification, 
112, 113. 

Lime process of precipitation, disad- 
vantage of, 21 ; adopted by various 
towns, 42, 43 ; mode of application, 
64-66; failure of, at Leicester, 65; 
at Hitchin, 146 ; as used at Salford, 
178, 179, 180, 181; at Bradford, 
183-187; at Friern Bamet, 198; at 
llford,211 ; at Birmingham, 232,242. 

Lincoln, sewage disposal at, 41, 43. 

Live stock on sewage farm at Don- 
caster, 122; Bcddington, near 
Croydon, 129; Bedford, 140; and 
Saltley (Birmingham district), 246, 
247, 248. 
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Local Government Act, 1888, em- 
powers County Coancils to enforce 
the Rivera* Pollution Prevention 
Act, 1876, 3, 4. 

London, rate of sewage flow at, 31 ; 
use of water-closets in, 34, 37 ; im- 
practicability of the separate drain- 
age system for, 49, 50 ; disposal of 
the sewage-sludge of, by steamship 
carriage, 92-94; characteristics of 
sewage of, 259. 

Lucerne on se waged land in Paris, 134. 

Magnesia compounds in river- waters, 
10. 

Magnetic oxide of iron, use of, in 
treatment of sewage, 76, 78 ; for- 
mation of, on electrolysing iron 
plates, 262. 

Maidstone, sewage disposal at, 41, 43. 

Manganate of soda used at Wimble- 
don, 219. 

Mangold- wurzel on sewage farms, 115, 
1 1 6 ; at Doncaster, 122 ; Beddington, 
near Croydon, 128, 129; Bedford, 
134, 135, 137, 138, 140; Hitchin, 
147; Wimbledon, 228; Saltley (Bir- 
mingham district), 243. 

Manufacturing refuse, nature of, as a 
river pollution, 7 ; analyses of im- 
purities derived from, 12, 13. 

Manure, relative value of different 
kinds of, 33 ; sewage-sludge as, 90, 
91, 100, 208, 267. 

Merton, sewage farm [and disposal 
works at, 149-155. 

Metropolis, recommendations as to 
the sewage discharge of the, 23,^8 ; 
estimated sewage and rainfall dis- 
charge of the, 47, 48. 

Microbes as fermenting agents, 82, 83. 

Micrococcus, the nitrifying organism 
in soil. 111, 112; distribution of, 
with depth, 111, 112. 

Milk, produce of, at Saltley (Birming- 
ham district), 243, 246, 247. 

Mixing machinery at Salford, 176, 
179-181 ; and Wimbledon, 218. 



Moisture in sewage-sludge, 87, 88, 98, 

99, 100, 102, 103. 
Muriatic acid in polluted river -water, 

16. 

Newhaven, sewage works at, 249- 
251. 

New Maiden, sewage works at, 192- 
194. 

Nitrate of silver, effect of, on Asper- 
gillus, 85. 

Nitrification, theory of, 110-113. 

Nitrogen, organic, in water, 8 ; in 
river-water, 8, 9, 10, 13, 15; in 
London sewage, 84 ; in sewage- 
sludge, 98, 99, 100 ; in Ealing sew- 
age, 160 ; in Bradford sewage, 183; 
in Wimbledon sewage and effluent 
water, 225. 

Northampton, sewage disposal at, 41, 
43. 

Northfield, district of, 236, 245. 

Norwich, sewage disposal at, 41, 43. 

Nottingham, pail system in, 36. 

Nuisances Kemoval Act, 1846, 2 ; 
1855,2. 

Oats on sewage farm near Doncaster, 
122 ; at Beddington, near Ooydon, 
128; Bedford, 134^ 135, 139, 140; 
and Swanwick, 158. 

Onions on sewage farm at Bedford, 
134, 135, 138, 140. 

Osiers on sewage farms, 115, 116 ; at 
Doncaster, 122; Beddington, near 
Croydon, 128 ; Hitchin, 147 ; Mer- 
ton, 153; Swanwick, 157, 158; and 
Wimbledon, 228-230. 

Oswestry, sewage disposal at, 41, 43. 

Oxford, sewage disposal at, 41, 43. 

Oxygen, function of, in chemical pro- 
cesses of treating sewage, 81-85, 
259-261 ; polarisation or occlusion 
of, 205 ; in river- water, 83, 84. 

Ozo as an oxidising agent in treat- 
ment of sewage, 73; used at Wim- 
bledon, 73 ; and Leicester, 73. 

Pail system, 17, 19, 21 ; substitution 

18 
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€i the, for oeaipools, 34; char- 
acter of excreta collected by it, 35 ; 
different kinds of pails, 36 ; relative 
cost of, as compared with water- 
closets, 36-39 ; extent of use of, in 
large towns, 40-41. 

Parsnips on sewage farm at Bedford, 
134, 135, 139. 

Paved surfaces, separate drainage of, 
45,46. 

Peas at sewage fiirm, Doncaster, 122. 

Peat, purifying action of, on sewage, 
109, 146. 

Penrith, sewage disposal at, 41. 

Permanganic acid and its compoands, 
use of, in treatment of sewage, 70- 
73. 

Perry Barr, district of, 236, 237, 245. 

Peterborough, sewage treatment and 
disposal at, 43w 

Phenol, a preventive of nitrification 
in soil. 111. 

Phosphate of alumina as a clarifier of 
sewage, 68, 70. 

Phosphates essential to nitrification, 
HI. 

Phosphoric acid, amount and value 
of, in sewage, 33; amount of, in 
sewage-sludge, 98, 99, lOa 

Platinum (spongy), as an oxidising 
agent, 205. 

Polarite, use of, in treatment of sew- 
age, 75-78 ; analysis of, 76 ; used 
for filtering at Acton, 203-205. 

Portsmouth, sewage works at,251-254. 

Potash, amount and value o^ in 
sewage, 33. 

Potatoes on sewage farm near Don- 
caster, 122 ; at Bedford, 134, 137, 
140. 

Prickly oomfrey on sewage farm at 
Bedford, 134, 135, 139. 

Privies, 17, 19, 21 ; in large towns, 
34, 40, 41 ; in Doncaster, 120. 

Protosulphate of iron, use of, in 
clarifying sewage, 70-73. 

Providence, rate of sewage flow at, 31. 

Public Health Act, 1848, 2, 3 ; 1875, 
2,3. 



Pumping machinery atBedford sewage 
farm, 132, 133; at the Chiswick 
sewage works, 165; at the Kingston- 
on-Thames sewage works, 171 ; at 
the Salford sewage works, 176, 177; 
at the Bradford sewage works, 190; 
at the New Maiden sewage works, 
193; at the Friem Bamet sewage 
works, 196, 199, 201 ; at Ports- 
mouth, 251, 252. 

Rain-water, separation of, from 
sewage, 44-54 ; separate drainage of 
back areas, 44, 45 ; paved surfaces, 
45, 46 ; and impermeable areas, 
46,47. 

Raspberries at sewage farm near 
Doncaster, 122. 

Reading, sewage treatment and dis- 
posal at, 41, 43. 

Rhubarb on sewage farm at Bedford, 

133, 135, 139. 

River Pollution, effects of, 4, 5 ; 
sources of, 6-8; by sewage, 6, 7; 
manufacturing refuse, 7 ; street 
drainage, 7, 8; conclusions of the 
Commissioners for preventing, 15, 
16; their definition of a polluting 
stream, 15, 16. 

Rivers' Pollution Commiasioners, re- 
ports of. 1865 and 1868, 6-18. 

Rivers* Pollution Prevention Act, 
1876, 3, 4. 

Rochdale, the pail system in, 35, 36. 

Roses on sewage farm at Hitchin, 147. 

Rugby, sewage treatment and disposal 
at, 41, 43. 

Rye at sewage farm near Doncaster, 
122. 

Rye-grass on sewage farms, 115, 116 ; 
at Doncaster, 121, 122 ; at Bedding- 
ton, near Croydon, 128 ; Bedford, 

134, 135, 137, 140, 144; at Hitchin, 
147 ; Merton, 153 ; Swanwick, 158 ; 
Coventry, 213; Wimbledon, 226- 
228; description of, 226; analysis 
of, 226, 227; cultivation of, 227, 
228 ; on sewage farm at Saltley 
(Birmingham district), 243, 246,247. 
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SalfOFd, sewage dlspoflal and treat- 
ment at, 41, 43; sladge-bnming at, 
92 ; sewage works at, 173-182. 

Salicine, 229. 

Salicylic acid, a preventive of nitri- 
ficatiou in soil, ill. 

Salix, see Willow. 

Saltley, district of, 236, 235 ; outfall 
works at, 238, 240 ; sewers for, 239; 
sewage farm at, 240-248. 

Sanitary condition generally bad in 
the early part of Queen Victoria's 
reign, 1 ; amongst the working 
classes, 1 ; remedies proposed by 
Poor Law Commissioners, 1, 2 ; of 
sewage farms, 116-119; Dr. Car- 
penter's report on sewage farms and, 
117-119 ; of sewage farm near Don- 
caster, 123 ; Beddington, near Croy- 
don, 130; Bedford, 140, 141; Hitchin, 
146 ; of sewage works at Bradford, 
193; of Ilford and Chad well wards, 
209 ; of sewage farm at Wimbledon, 
231 ; of the Birmingham district, 
234, 235, 244 ; of Newhaven, 250. 

Settling tanks, 54-62 ; primary object 
of, 54; continuous v. absolute rest 
system, 54, 55 ; cleansing of, 55 ; 
form of, 55, 56; capacity of, 56; 
valves and filters, 57; the Enie- 
biihler tank, 57, 58; the Essen 
tanks, 58-60; Houghton's weir, 61, 
62; at Chiswick, 165, 166; at 
Kingston-on-Thames, 171, 172; at 
Friern Bamet, 199, 200 ; at Acton, 
203; Coventry, 212; Wimbledon, 
217. 

Sewage, nature of, 6, 7 ; average 
composition of town, 10, 11, 12; 
variable rate of flow of, at Wim- 
bledon, 11 ; hourly and daily rate 
of flow of, 28-32 ; from houses, 29 ; 
factories, 29; hourly variation of 
composition of, 32 ; composition of, 
32, 33; value of, per ton and per 
person, 33; daily, flow of large 
towns, 40, 41 ; separation of rain- 
water from, 44-54; objections to 
the separate system of drainage, 



48-54; separate system more eco- 
nomical for suburban districts, 52 ; 
chemical processes for clarifying, 
63-85; aeration of, 67; purifying 
action of soils and peat on, 107-113; 
daily flow of, at Doncaster, 120 ; at 
Croydon, 126; purifying action of 
soil at Dewsbury, 145; daily flow 
at Merton, 149; and at Ealing, 160; 
analyses of, at Ealing, 160; daily 
flow at Chiswick, 164; at Salford, 
175, 181; Bradford, 182; composi- 
tion of, at Bradford, 183; daily 
flow at Friern Bamet, 201 ; at 
Coventry, 211; Wimbledon, 215; 
composition of, at Wimbledon, 225; 
daily flow for the Birmingham dis- 
trict, 243; at Portsmouth, 251; 
treatment of, by electrolysis, 258- 
268 ; characteristics of town-, 259. 

Sewage disposal, definition of, 13, 14; 
modes of, 14; conclusions of the 
Royal Sewage Commissioners, 1865, 
14 ; of the Committee of the Local 
Government Board appointed in 
1875, 16-18; of the Town Health 
Conmiittee of the Society of Arts 
appointed in 1876, 18, 19; of the 
Glasgow Sewage Disposal Com- 
mittee appointed in 1880, 20-22; 
methods adopted at various large 
towns, 42, 43; at Swanwick, 157; 
Saltley, 241-243; Newhaven, 249; 
Portsmouth, 252-254. 

Sewage farms, cropping of, 115, 116; 
commercial aspects of, 116; sanitary 
aspects of^ 116-119 ; table of details 
of management of, opposite p. 119; 
at Doncaster, 120-125 ; at Bedding- 
ton for Croydon, 126-130; at Bed- 
ford, 130-143; at Dewsbury, 144^ 
145 ; at Wimbledon, 221-231 ; and 
Saltley, 240-248. 

Sewage fungus {Beggiaioa alba) at 
Merton, 153, 155; at Wimbledon, 
'224, 225. 

Sewage-sludge, disposal of, 85-103; 
kind of sludge here intended, 85, 
86 ; weight of, 86 ; mcrittiire in, 86 
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87, 102, 103 ; daily amount of per 
1,000 persons in some large towns, 
88; sludge-pressing and sludge- 
cake yield, 89, 90 ; disposal of, as 
manure, 90, 91, 267 ; manurial 
value of, 90, 91, 100; •ffensive 
character of, 91 ; disposal of, as 
clinkers, 91, 92, 163; as cement, 
02 ; by digging into land, 92 ; 
by steamship carriage, 92-94; fil- 
ter-pressing of, 94-100; cost of 
producing sludge-cake, 97; com- 
position of, 98-100; disposal of, at 
Dewsbury, 145 ; at Hitchin, 147 ; 
atMerton, 151; at Ealing, 159,163; 
Chiswick, 167f 169; Kingston-on- 
Thames, 172, 173; Salford, 181, 
182, 184, 188, 189; at Bradford, 
188, 189 ; at New Maiden, 194; at 
Friem Bamet, 199, 201, 202; at 
Acton, 206 ; analysis of^ at the 
Hendon sewage works, 207; manurial 
value of the Hendon, 208 ; disposal 
of, at Ilford, 211; Coventry, 212; 
Wimbledon, 219-221 ; Birmingham, 
232, 233, 242, 243 ; Dortmund, 257. 

Sewage-sludge liquid, composition of, 
101; disposal of, 10M03; disposal 
of, at Merton, 151 ; at Bradford, 
186, 187. 

Sewerage, definition of term, 13. 

Sewers at Salford, 174, 176, 177; 
Bradford, 183-184; Friem Bamet, 
197, 198 ; at Birmingham, 234 ; and 
Newhaven, 249, 250. 

Sheffield, sewage-disposal and treat- 
ment at, 41, 43; sewage-purification 
works for, 192. 

Smethwick, district of, 236^ 239; 
sewer for, 239, 245. 

Soil, purifying action of, on sewage, 
107-113; water-absorbing power of, 
at Bedford, 131, 132. 

Solihull, district of, 236. 

Southampton, sewage disposal and 
treatment at, 41, 43. 

Storm-water, disposal of, 16, 48, 49; 
at Croydon, 126; at Swanwick, 156; 
at Chiswick, 165, 166; Kingston- 



on-Thames, 170; Bradford, 182, 184; 
Wimbledon, 215, 223; Portsmouth, 
251. 

Strawberries on sewage farm at 
Hitchin, 147. 

Street drainage, as a source of river 
pollution, 7, 8. 

Subsoil drainage, 104-106 ; at Bedding- 
ton sewage farm, near Croydon, 
127; at Bedford, 1.33; at Hitchin, 
147; Merton, 152; Swanwick, 157; 
Wimbledon, 222, 223; and Saltley, 
241. 

Sulphate of alumina as a purifier of 
sewage, 20, 68, 74, 75, 76. 

Sulphur compounds in river-water, 16. 

Sutton Coldfield, 236, 237, 245; sewer 
for, 2.39. 

Swanwick, sewage works of, 155-158. 

Swedes on sewage farm near Don- 
caster, 122; at Bedford, 134, 135, 
139; Saltley (Birmingham district), 
243. 

Tanks for straining at Merton, 151 ; 
for storage at Swanwick, 157; for 
deposition at Ealing, 158, 159, 163 ; 
at Chiswick, 166, 167; at Salford, 
175, 176, 178; at Bradford, 185, 
186, 187; for filtering at Bradford, 
187; for clarification at New Maiden, 
193; for flushing at Friem Bamet, 
197; for straining at Wimbledon, 
216,217; for storage at Portsmouth, 
252-253 ; at Dortmund, 255-258. 

Thames, influence of sewage on the 
water of the, 24-28; volume of 
sewage in the lower valley of the, 
52. 

Thames Valley main sewerageschemes, 
22,23. 

Tunbridge Wells, treatment of sewage 
at, 43 ; irrigation method at, 105. 

Turnips at sewage farm near Don- 
caster, 122. 

Vats for mixing chemicals at Friem 
Bamet sewage works, 199, 200. 
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Vegetable marrows on sewage farm at 
Bedford, 135. 

Vegetable organic matter in river- 
water, 8. 

Waller's valves, 56, 57. 

Walsall, 244. 

Water, characters of, in its polluted and 
unpolluted states, 8 ; solid matters 
in polluted river-, 9, 10 ; zymotic 
diseases due to polluted, 5, 12, 13 ; 
character and analyses of efQuent, 
79, 80 ; amount of oxygen dissolved 
in, 83, 84 ; river-, as an oxygenant 
of organic matter, 83, 84 ; analysis 
of effluent, at Hitchin, 148 ; at 
Forfar, 148, 149 ; at Ealing, 160 ; 
at Bradford, 188; at Acton, 206, 
207; at Hendon, 207; at Wimbledon, 
225, 226 ; Newhaven, 249 ; effluent, 
at Crossness electrolytic experi- 
mental station, 266, 267. 

Water-closets, recommended, 19; dis- 
couraged for public buildings and 
small houses, 21 ; in London and 
large towns, 34, 40, 41 ; relative 
cost of the pail system as compared 
with, 36-39; at Doncaster, 120; 
Croydon, 126 ; Bewsbury, 144 ; at 
Hitchin, 146; at Merton, 149; 
Swanwick, 155 ; at Chiswick, 164 ; 
Bradford, 183; at Wimbledon, 215; 
Portsmouth, 251. 

Webster process of sewage treatment 
by electrolysis, 258-268. 

Wednesbury, 244. 

Wellington College, the A. K C. 
process adopted at, 75. 

West Bromwich, district of, 236, 244, 
245. 



West Ham, composition of sewage- 
sludge at, 99. 

Wheat on sewage farm near Don- 
caster, 122; at Beddington, near 
Croydon, 128; Bedford, 134, 135, 
139, 140 ; and Swanwick, 158. 

W^igan, sewage disposal and treatment 
at, 41, 43. 

Willow, uses and cultivation of, 228- 
230; the "new kind" and "golden" 
varieties, 229, 230. 

Wimbledon, variation in rate of sew- 
age flow at, 11, 31 ; sewage disposal 
and treatment at, 41, 43; volume 
of sewage per head of population 
per day, 52 ; Hille process tried at, 
66; use of "ozo" at Wimbledon, 
73 ; trial of the f erozone and polarite 
process at, 76, 77 ; of Amines procesa 
at, 78, 79; sludge pressing at, 89; 
use of sludge as manure at, 90, 91 ', 
in making clinkers at, 91 ; composi- 
tion of sewage-sludge at, 99; of 
sewage-sludge liquid at, 101 ; mode 
of disposal of the liquid at, 101-103 ; 
cracking of clay soil at, 104 ; irri- 
gation method used at, 106, 107; 
sanitary condition of the sewage 
farm at, 118, 119; sewage farm at, 
214-232. 

Windsor, composition of sewage-sludgo 
at, 98. 

Witton, sewer for, 238, 239. 

Wolverhampton, sewage disposal and 
treatment at, 41, 43. 

Zine, effect of, on Asperffillus, 84, 85. 

Zymotic diseases caused by insanitary 
conditions, 1 ; and bad drinking- 
water, 5, 12, 13, 48. 
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